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PREFACE TO THE FIRST EDITION. 



The first edition of Douglas* Tables for Qualitative Analyda was published in 1864, 
tfae second edition in 1865, and the third in 1868. That work was prepared to be used 
with Fresenius' Manual of QiuUitafive Analysis^ and was designed, firstly, as a graphic 
outline to accompany the larger text-book, and, secondly, as a guide in tJie experimental 
ttiidy of substances — ^to be made in connection with analysis, but beyond its immediate 
requirements. In this manner the work has been used by the authors, with the students 
in the chemical laboratory of this University, for the past ten years. 

Notwithstanding the pre-eminent value of the manuals of Fresenius as standard au- 
thority in analysis, and the worth of other books extant for their several purposes, it now 
aeeins desirable to use a work more fully to serve for instruction in what might be termed 
oomparative chemistry; and likewise to relieve the student from the immediate necessity 
of obtaining more than one text-book for inorganic qualitative work. 

To aid the student in gaining an accurate acquaintance with the facts whereby 
analyses are made, and a clear understanding of the co-ordination of these facts — the 
principles of analysis — has been the chief object in this work. It is the result of expe- 
rience in the constant endeavor to prevent habits of automatic operation and of superfi- 
cial observation in analysis. 

Further, it is desired that the book may he found convenient and reliable for 
reference by chemists, pharmacists, and others, who occasionally or habitually perform 
analyses. 

The organic bases and acids, with a few exceptions, have been omitted from consi- 
deration. This is not done from neglect, but from a conviction of their too great im- 
portance for the subordinate and cursory attention which can be given to them in works 
devoted mainly to Inorganic analysis. 

To the faithful workers who have wrought out the great science of Chemistry, the 
writers humbly acknowledge their indebtedness for whatever of truth or value this little 
manual may contain. 

Uniyebsitt op Miohioan, September, 1873. 



PREFACE TO THE SECOND EDITION. 



In this edition, tabular summaries of the comparative reactions of groups of bases 
and acids have been introduced, as a means of training the beginner in the Principles of 
Analysis. They can be used in first practice, with known material, before undertaking 
systematic analysis ; and they also serve as indexes for practice in synthetic reactions to 
follow separative work. The authors have, for some time, employed summaries of this 
kind in class-teaching of laboratory students, and believe their incorporation with the 
text will be found helpful. 

For the analysis of the " Third Group," in absence of phosphates, plans are tabulated 
both with and without the division by ammonium hydrate and chloride ; and two plans 
are tabulated for the work in presence of phosphates. Additional reactions have been in- 
troduced throughout, and the rare elements presented, with a constant endeavor to 
respect the limits of a compact manual ; to which end, the text not required by the 
beginner has been put in smaller type. The transitional use of barred symbol-letters in 
notation has been discontinued, and the nomenclature made uniform. 

Our acknowledgments are due to Professor Wm. Ripley Nichols, of the Massachusetts 
Institute of Technology; Prof essor W. 0. Semans, of Delaware, Ohio; and others — for 
suggestions in the choice of processes. Thanks are especially due to Mr. Otis C. John- 
son, since 1871 an Instructor in Qualitative Analysis at Michigan University, for improve- 
ments in details of analysis, and for certain results of his unfinished investigations upon 
oxidation and reduction. 

Univbbsity op Michioan, October, 1876. 



PREFACE TO THE THIRD EDITION. 



The text upon Oxidation and Reduction, by Mr. Johnson, is presented, as Part IV., 
in this edition, with much interest as to the reception which its distinctive method may 
obtain among chemists. If it were given only as a compend of the chief inorganic 
changes of oxidation, it could be commended without hesitation, for instruction in a field 
of unequalled value to the student of qualitative chemistry. All the reactions have been 
confirmed by the author, some of them have been first established by him, and the most of 
them have been verified by his students, for the past six or eight years. But as Mr. 
Johnson's compend is given with a new interpretation of quantivalence, adopting a pro- 
visional function of this term, it is submitted with some uncertainty as to what may be 
thought of it. As a teaching method we can testify to the marked success of the pro- 
posed rendering of quantivalence, in elucidating and classifying the reactions of oxida- 
tion, and in balancing equations. Aside from any applications of molecular physics, or 
any question of constructing molecules, the bond is used only as the index of active 
chemism — representing at least one function of active or apparent quantivalence. As 
chemism acts between unlike particles — positive and negative factors — so bonds are stated 
as being either positive or negative bonds, Mr. Johnson takes leave to borrow the bond, 
as a known character in quantivalence, and to use it in carrying out his special study of 
oxidation. Possibly it may appear that the adoption of another term will be open to less 
objection than the addition of another definition for the established term. 

This edition has been diligently revised throughout, and though not trusting to have 
escaped all besetting errors, the authors hope, now, better to deserve the favor which has 
been granted to this work, for all which they desire to present grateful acknowledg- 
ments. 

ITnivkbsitt op MiomGAN, June, 1880. 
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THE NOTATION OF METAILIC COMPOUTOS.' 



ACIDS. An acid ia a salt of hydrogen. It oonsiata of an Add JiadiaatM 
united with hydrogen which can be exchanged for a metal, this being the formM 
tion of a salt. The hydrogen ia the base of the acid; as the metal is the base 
of the salt. Sulphurio acid, for instance, is sometimes written hydrogen sul- 
phate. Oxacids are those whose radicals contain oxygen, as HNO,. Hydra- 
dds are tiiose whose radicals have no oxygen, as HCl ; their names begin with 
Ayrfr and end with ic, and the names of their salts end in ide. The Anhydride 
of an oxacid is what remains after removing from the acid its basic H,f and 
enough O to form H,0 with the H. Thus, the anhydride of H^SO, is SOj, and 
carbonic anhydride is CO,, carbonic acid being H,CO,. Acids whose mole- 
cules contain but one atom of basic hydrogen arc termed monohaaie, as HH" O, 
and HCl; those with two atoms of hydrogen in the molecule, dibasic; aa 
H,aO, and H,B; those with three hydrogen atoms, tribasic, as H,PO, ; etc 
Some of the more important acids are given in the following list: 

HCl, hydrochloric a 

HCIO,, chloric 

HBr, hydrobromic 

HBrO,, bromic 

HI, hydriodic 

HIO,, iodic 

HWO,, nitrie 

HjB, hjdrosulphuric 

H,SO,, sulphuric 

H,SO„ sulphurousj 

H,CO,, carbonic 

HjCrO^, chromic 

H,PO^ phosphoric 



r hydrogen chloride. 

" chlorate, 

" bromide. 

" bromate. 

" iodide. 

" nitrate. 

" sulphide. 

" sulphate. 

" sulphite, J 

" carbonate, 

" chr ornate. 

" phosphate. 



ie ft groap of otoms, or a slnsle atom, which retains il 
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.jgen, whoee names end in ous moke salts bai-ing names ending in lie. 
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10 Notation of Metallic Compounds, 

H3A80^9 arsenic acid or hydrogen arseniate. 

HjAsOg, arsenious " *• arsenite. 

HjFeCy^ hydroferricyanic acid " ferricyanide. 

H^PeCy^, hydroferrocyanic " " fcrrocyanide. 

HCjHgOg, acetic " " acetate. 

H^C,0„ oxalic <* " oxalate. 

SALTS. A salt is formed by substituting a metal for the hydrogen of an 
acid, each bond* of the metal displacing one atom of hydrogen. As follows : 

"K! with HNO3 fo»'"^s KNOj, displacing H 



K'3 *^ H3PO, '' K3PO,, 
Ca" '' H,SO, '' CaSO,, 



2H 
3H 
2H 
2H 
3H 
6H 
6H 



it 



Ca" " 2HN03t " Ca(N03)„ 

Bi"' " 3HNO3 " Bi(N03)3, 

3Ca'' *' 2H3PO,t " Ca3(POj„ 

^Bi'" « 3H,SO, « Bi,(SOj3, 

A normal salt is formed (like those above given) by displacing all the 
hydrogen of the acid with an equivalent of metal. An acid salt is formed by 
exchanging a part of the hydrogen of an acid for an equivalent of metal. 
Thus: 

"K' with HgSO^ may form KHSO^, an acid sulphate. 
K' " HgPO^ " KH^PO, " phosphate. 

2K' '' H3PO, " K^IIPO, " '' 

Ca" " H3PO, " CaHPO, « 

Ca' '' 2H3PO, " CaH,(POj," 

A basic salt is formed by the substitution of a metal in part for the hydro- 
gen of an acid and in part for the half or the whole of the hydrogen of water 
(HgO). For example : 

Bi"' with j ^^^ forms Bi ] q^% a basic nitrate, usually written BiONOg. 

Again, PVg (OH) 2(003)3 is a basic carbonate of lead. A basic salt is. partly of 
the nature of a salt and partly of the nature of a hydrate or oxide. 

HYDRATES AND OXIDES of Metals. A metallic hydrate is formed 
by substituting a metal for half the hydrogen of water (H^O), bond for bond. 

♦ The number of bonds of any element (or radical) is an expression of its capacity for chemical combi- 
nation, the combining capacity of one atom of hydrogen being the unit. The number of bonds, or the 
guantivalence, is denoted by the common names, monad, dyad, triad, tetrad, etc. ; also by the qualifying 
terms, univalent, bivalent, etc., and, in notation, by indices, thus, H', O", N'", etc. 
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Ca) HSPO4) CaP04 HH 

CaJ. -f >■ = Ca 4- HH 

Ca) H8F04t CaP04 HH 
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Notation of Metallic Compounds. 11 

Na' with H^O forms NaOH, sodium hydrate. 
Ba" " 2H,0 ** Ba(OH)„ barium « 
Pe/' " 6H,0 " Pe,(OH)e, ferric '' 

The OH, which, as a fragment of the water-molecule, unites with metals, is 
known as hydroxyl — a monad radical. The term hydroxide has been intro- 
duced by some chemists, instead of hydrate, for the compounds of hydroxyl. 

A metallic oxide '\^ formed by substituting a metal for all the hydrogen of 
water, bond for bond. Mg" with H^O forms MgO, displacing 2H, An oxide, 
then, is simply a union with oxygen {O"). 

In recapitulation, then, the number of bonds of the metal equals 

The number of bonds of acid radicals, in normal salts / 
*' " hydroxyl, in hydrates ; 

" ** oxygen, in oxides. 

In acid salts, the remaining atoms of H are counted with the bonds of 
metal ; in basic salts, the bonds of (OH) and of O are counted with the bonds 
of acid radical. 

The more important BASES are given in this list: 

K' the base of potassium or potassic salts, 

Na' " sodium ^* sodic ** 

NH^' " ammonium ** ammonic ** 

Ag' *^ silver ** argentic " 

Ba" " barium " baric ** 

Sr" ^* strontium ^* strontic " 

Ca" " calcium *^ calcic ** 

Mg" ^* magnesium " magnesic " 

Zn" " zinc " zincic ** 

Ni" " nickel " nickelous *' 

Pb" *< lead " plumbic ** 

Hg" */ ..... mercuric ** 

Hg,'' " mercurous ^* 

' Cu" ** copper ** cupric *^ 

CuJ' " cuprous . " 

Pe" *• ferrous « 

Pe,^t " ^^^^^^ '* 



Hfir— Ci 

♦ As in mercurous chloride : I 

Hgr-Cl 

t In the pseudo-t7iad8 or " double triads " (Fe, Mn, Co, Cr, Al) an even number of atoms is always 
found in the molecules, two atoms having six bonds. The atoms are supposed to be tetrads, one of the four 
bonds of each atom being held by a fellow-atom of the same element. Thus, in ferric compounds, we have 

CI CI 

'"Fe— Pe'" ; and- for ferric chloride, CI Fe — Fe 01 

01 01 



12 



Notation of Metallic Compounds. 



lUn." the base of manganous salts. 

Mn,^ " manganic " 

Co'' " cobaltous <* 

Ck>,^ " cobaltic « 

Al,^ " aluminium or aluminic " 

Cr,^ ** chromium " chromic ** 

Bi'" « bismuth « bismuthous « 

Sn" " stannous <* 

Sn''" " stannic « 

Sb''' " antimonious" 

Sb^ found in antimonic compounds. 

As"' " arsenious " 

As^ " arsenic " 
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TABLE OF ATOMIC "WEIGHTS' 


^ 




QUANTIVALENCE. 






Aluminium 


Al'"'* 27.3 


Mercury, 


Hg"t 


199.8 


Antimony, 


Sb'", ^ 132.0 


Molybdenum, Mo", ""*, 


' 96.0 


Arsenic, 


Ab"', " 74.9 


Mosandrum 






Barium, 


Ba" 13B.8 


Neptunium, 


Np" 


118.0 


Beryllium, 


Be" 9.0 


Nickel, 


Hi", ""* 


58.6 


Bismuth, 


Bi"7 210.0 


Niobium, 


Nb^ 


94.0 


Boron, 


B" 11.0 


Nitrogen, 


W", ^ 


14.0 


Bromine, 


Br>, " 79.9 


Osmium, 


Oh", ""*, ^ 


198.6 


Cadmium, 


Cd" 111.6 


Oxygen, 


O" 


16.0 


Cffisium, 


Cb' 133.0 


Palladium, 


Pd", "" 


106.2 


Calcium, 


Ca" 39.9 


Philipium, 


Pp 




Carbon, 


C"" 12.0 


Phosphorus, 


P. ■", " 


31.0 


Cerium, 


Ce'","" 141.3 


Platinum, 


Pt", '"' 


196.7 


Chlorine, 


CI', " 35.5 


Potassium, 


K' 


39.0 


Chromium, 


Cr""*, •" 62.4 


Rhodium, 


Ho", '"'*, " 


104.1 


■ Cobalt, 


Co", ""* 58.6 


Rubidium, 


Kb' 


85.3 


Copper, 


Cu"t 63.0 


Ruthenium, 


Eu", ""*, 


■ 103.5 


Davyum, 


154.0 


Selenium, 


Se", "", "' 


78.0 


Deeipium, 


Dp 


Silicon, 


Si'"' 


28,0 


Didymium, 


D ' 145.0 


Silver, 


Ag' 


107.7 


Erbium, 


, E" 169.0 


Sodium, 


Wa' 


23.0 


Fluorine, 


P' 19.1 


Strontium, 


Sr" 


87.2 


Gallium, 


G'"'* 69.8 


Sulphur, 


S", "", " 


32.0 


Gold, 


Au', "' 196.2 


Tantalum, 


Ta" 


183.0 


Hydrogen, 


H' 1.0 


Tellurium, 


Te", "", "' 


128.0 


Ilmenium, 


11 104.0 


Thallium, 


Tl',"' 


203.6 


Indium, 


In'"'* 113.4 


Thorium, 


Th"" 


231.5 


Iodine, 


I'/ 126.8 


Tin, 


Sn", "" 


117.8 


Iridium, 


Ir", ""♦, " 190.7 


Titanium, 


Ti", ""• 


48.0 


iron, 


Fe", '"'*, « 55.9 


Tungsten, 


W'"', ■^ 


184.0 


Lanthanum, 


La'" 139.0 


Uranium, 


U"", "■ 


240.0 


Lavoisium, 




Vanadium, 


V", •' 


51.2 


Uad, 


Pb", "" 206.4 


Yttrium, 


Y"' 


93.0 


Lithium, 


Id 7.0 


Zinc, 


Zn" 


64.9 


Magnesium 


Mg" 23.9 


Zirconium, 


Zr"" 


90.0 


Manganese, 


Mn", ""*, " 54.8 








1 DecimalB beyond the flrel place are omitted. Sta«, an accepted a 
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nittogen. 14.0M ; sulplmr, B1.9e ; etc. 
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THE STUDY OF CHEMICAL ANALYSIS. 



1 



1. Chemical Analysis is the delerininatlon of the composiiion of matter. 
Any portion of muittei' — solid, liquid, or gaseous; amorplious, crystalline, or 
organized — consiats of one or more distinct substances. A distinct substance ia 
made up of molucules* which are exactly alike. It is a discrete kind of matter, 
invariably the same in every quality ; it may be a compound or an element. 
It will be borne in mind thiit, iu chemistry, compounds are bodies unlike the 
elements Lhat have formed tliem. Thus, we may have to analyze a mixture con- 
taining aodium sulphate (Na,SO,} ; sodium sulphite {Ha,SO,), and sodium tliio- 
sulphate (WajSjOj ; but nut containing any sodium, or sulphur, or oxygen, as 
diese bodies are known to the world. The complete analysis of a given portion 
of material reveals all the distinct substances by which it is made up. Also 
compounds are snhjected to analysis to find from what component elements 
they have been formed. Hence, chemical analysis enables us to state the com- 
position of matter in terms of the seventy elements. 

2. All analysia may bo partial, as in testing a mixture for presence of 
arsenic or fur proportion of gold ; or it may be complete, when all the consti- 
tuents are to lie fiiuiid. 

In qaalitatlve analysis, it is ascertained what substances are present in the 
material ; in quantitative analysis, their proportion by weight is determined. 

When the material to be examined is in the gaseous state, its examination, 
qualitative or quantitative, is termed Qas Analysis, which ia a distinct bi-anch 
of analysis. The chemioai examination of material consisting of the more com- 
plex conipounda of carbon, whether qualitative or quantitative, is known as 
Organic Analysis: TJltimate, when the elements are determined; Proximate, 
when the constituent compounds are determined. In ultimate organic analysis, 
few elements require determination ; the task ia not difficult, and the art has 
been higiily perfected. On the contrary, in proximate organic analysis, a great 
number of eomponnds have to be considered; identification is often difficult, 
and no comprehensive system has been completed. The term Qualitative 

• Am(*iwufeiathoBma]lyBt poB^blo portion ot a distinct Bubfitonce. H cxiBlsfree! lU quality being 
tedejwndmt of relntloEP to olhor porttonR or matior. It cannot be dlrided. or chcmioilly nniled to any 
oUior parUcleH ot matter, withont tbo prodncllon of one or more Dcn molocolea and ' 
Change of propordee. 

An atom is an indlvisibla conalitnent of a molecule. It eilaW In oombtnation ; its quality 
dependent upon its rebitionalo the other conBUtuents of its mnlecula. In thi> elementaty Bul 
" ■ .toflikeutoms; two Blouw, iu meet e.^!M, constituUoga molecultf. 
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I, then, aa it is commonly used, is limited to the chemical examination 
if solid and liquid material, chiefly of mineral origin. 

, In qualitative analysis of mixtures, it is often but not always necessary 
S separate suhataaees in order to »<?en<j/y them ; in quantitative, analysis, iheir . 
■urate separation is almost invariably required. Identification necessarily J 
s comparison : in testing for a substance we consider what other sub- I 
can be present to simulate it ; in separating a substance or a class of I 
* substances, we must know from what other substances or classes we remove it; ' 
to accomplish either task we must proceed in gystematia order and conduct our 
operations, consecutively, in obedience to some intelligent method, based on a 
knowledge of the comparative properties of all the substances which may be 
present. 

Both the identification and separation of substances are acconiplished, 
nearly always, by inducing changes, chemical and physical. The methods of 
analysis are as numerous as are the ways of bringing into action physical and 
chemical agents for the induction of changes. A substance is characterized by 
its deportment under the influence of these agents — as its manifestation of cohe- 
sion, varied at different temperatures, its degree of adhesion for certain sol- 
vents, its color and other phenomena with light, and the results of its chemism 
when brought in contact with other substances technically called reagents. 
The results last named, those of chemical action, are the most important of 
the resources of analysis. By chemical change, a substance in the material 
under examination becomes resolved into other distinct substances, each capable 
of recognition by its own deportment and its own capacities for chemical trans- 
mutation, and each product adding evidence in the identification of the original 
substance. 

4. The operations of analysis embrace those in the dry VKJ, and those 
in the wet way. 

In the dry way, substances are taken in the solid state, and are subjected .,^' 
to a high heat — over a lamp, before a blow-pipe, or in a furnace — -generally 
with solid reagents, which enable the mass to melt, or abstract oxygen, or 
supply oxygen. The liquid state, whether produced in fusing at a red or white 
heat, or by solution in some solvent at ordinary temperatures, is the state gen- 
erally essential to chemical change. Analysis in the dry way resembles the 
mstaUnrgio operations by which most commercial metals are obtained from 
their ores; it may be made quantitative, as in the pi-ocess of aBSEiying of the 
precious metals, in use since ancient times ; it is limited to partial analysis, 
not enabling us to determine all constituents of unknown mixtures ; It is sel- 
dom exclusively employed, except in deteiminatlTe mineralogy, or finding 
the species of minerals, and in assaying; it is used in full qualitative analysis 
as a pieliminairy examination, subordinate to that in ihe wet way, and some 
of its operations are indispensable, in connection with the wet methods, for 
certain substances. The detiuls of manipulations in the dry way are described 
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jonnection with each substance to which they are applicable, and under Pie- 
^nary Exatnination of Solids. 

f 6. Spectrosoopio AnalysiB, and the inspection of inoandescent vapors, 
Ifter directly or through colored media, furnish important resources for 

Bentifying substances, quite distinct from the operations of chemical analysia, 

but associated with thpm in practice. 

6. The opkkations is the wet way constitute much the most extensive 
means of analysis, also the most frequent mode of synthesis, and by far the 
most instructive field of chemical experiment. For these operations the mate- 
rial, if not already liquid, is iirst brought into the liquid state, not by fusion 
but by solution. It is treated with reagents in the liquid state ; and siihstancea 
are identified and separated mostly by changes which return them from the 
liquid to the solid, or, loss often, to the gaseous stdte. Jt is evidently necessary, 
therefore, in the beginning to understand clearly the precise nature of the 
simple occurrences of solution, precipitation, and vaporization. 

7. SoLtiTioiir is the liquefaction of a solid, or a gas, by mixture with a 
liquid. The term is .ilso sometimes applied to the mixture of two liquids : as 
glycerine is soluble (miscible) in alcohol, but insoluble (not miacible) in ether. 
The mixture is effected by adhesion, an elective union in indefinite propor- 
tions, and not forming a new substance, if a solid dissolves in a liquid, the 
adhesion between the two substances is sufficient to overcome the cohesion 
that preserved the solid. There is adhesion between sponge and water, not 
Biriiicient to overcome the cohesion of the sponge ; and between sugar and ether, 
not sufficient to overpower the cohesion of tlie sugar ; but between sugar and 
water, exceeding the cohesive force of the sugar, and it dissolves. If a gas 
dissolves in a liquid, adhesive force proves stronger than the elasticity of the giia, 

8. The most universal so w er always understood to be 
present, in indefinite proportio n p a n n h wet way ; it serves as a 
vehicle, as such not being inclid d a j ten f the substances operated 
■upon, any more than is the ma nal f h ub but often some portioi 
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9, No other property of substances has so great importance in analysis, 
and in all chemical operations, as their soLnsiLiTT in water. It must never 
be forgotten that there are decrees of solubility, but there is hardly such a fact 
as absolute solubility, or insolubility, regardless of proportion of the solvent. 
There are liquids which are miscible with each other in all proportions; but 
Bolids do not dissolve in all proportions of the solvent, neither do gases. For 
every solid, or gas, there is a least quantity of any solvent which can dissolve 
It. One part of potassium hydrate is soluble in one-half part of water (or in 
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Kaay greater quanlitj), but not in a less quantity of the soWent. One part of 
t chloride requires at least two and a half parts of water to dissolve it. 
tae part of mercuric chloride will dissolve in two parts of water at 100° C, 
in cooled to 15° C, so much of the salt solidities that it needs twelve 
parts more of water at the latter temperature to keep a perfect solution. 
Chloride of lead dissolves in about twenty parts of hot water, about half of the 
solid separating from the solution when cold. Sulphate of calcium dissolvcB 
in about 400 times its weight of water — this dilute sohitioti forming one of the 
ordinary reagents. Sulphate of barium is said to dissolve in 300,000 parts of 
water; so that it is practically insoluble, one of the least soluble compounds 
known. Sulphate of lead dissolves in 13,000 parts of water; in most opera- 
tions this solubility may be disregarded, but in quantitative analysis it is 
washed with alcohol instead of water, losing less weight with the former sol- 
vent. These examples indicate the necessity of discriminating between degrees 
of solubility. 

10. The ordinary liqttid kbagentb are solutions in water — sulphuric acid 
and carbon disulphide being exceptions. Alcohol is usually mixed with a little 
water. (See the list of Reagents.) Hydrochloric acid, ammonia, and hydro- 
sulphuric acid are aqueous solutions of ^aseSj" on exposure to air these gases 
gradually separate from their solutions, most rapidly in the ease of hydrosul- 
phuric acid solution; this gas having so little adhesion for water, and so great 
elasticity, that it will form only a dilute solution. All theSe gases escape 
muoh more rapidly when their solutions are warmed, being accompanied with 
some vapor of water. Sulphuric, nitric, and acetic acids are liquid when ab- 
solute; the lattpr two are instable when pure and are in mixture with water, 
in the authorized proportion, for use. The other ordinary liquid reagents are 
solids in aqueous solution. 

11. Substances are said to dissolve in ooida, or in alkalies, and this is 
termed ohemical HOltitiOD : more definitely it is chemical action and solution, 
the solution being always a merely physical change. We say that lime di»- 
solves (chemically) in hydrochloric acid; that is, in the reagent named hydro- 
chloric acid, and which is a mixture of that acid and water. The acid unites 
with the lime, forming a soluble solid, which the water dissolves. Absolute 
hydrochloric acid cannot dissolve lime, 

12. Solida can be obtained, without chemical change, from their aqueonfl 
solutions, _^jwriy, by evaporation of the water. This is done by a careful ap. 
plioation of heat, diminished at the close. In case volatile solids are in solu- 
tion, such as ammonium salts and ferric chloride, a temperature muoh above 
that of boiling water will vaporize the solids, and of course a continuation of 
direct heat, after the water has all vaporized and latent heat ceases to be 
absorbed, will rapidly raise the temperature in the residue. 

Solids can be removed from solution, without chemical change, secondly, 
by (physica]) precipitation — aooomplished by modifying the solvent. If solu- 
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^^Btai of potassium carbonate, or of ferrous sulphate, be dropped into alcohol, & 
precipitate is obtained, because the aalts will not dissolve or remain dissolved 
in the mixture of alcohol and water. But, in analysis, precipitation is gene- 
rallj' affected by changing tOe dissolved substance, instead of the solvent. 

Solids can be separated from their solution by precipitation due to cAemtcoi 
cAanj'^, to the extent that the pi-oduct is insoluble in the quan y f 1 en 
present (observe 9). Calcium can be in part precipitated from o d lu e 

solutions of its salts, by addition of sulphuric acid ; but there st 11 na n no 
precipitjited the amouiit of sulphate of calcium soluble, ^^ of h 1 on 
which is enough to give an abundant precipitate with ammonin n o al he 

first precipitate being previously filtered out. 

13. Time is required for the completion of most precipitates. If it is ne- 
cessary to remove a substance, by precipitation, before testing for another sub- 
stance, the mixture should stand, from several minutes to half an hour, before 
filtration. Neglect of this precaution often occasions a double failure ; the 
true indication is lost, and a false indication is obtained. 

14. Reagents should be added in very small portioiig, generally drop by 
drop. Often the first drop is enough. Sometimes a precipitate r^dissolves in 
the reagent that produced it, and this is ascertained if the reagent be added in 
small portions, with observation of the result of each addition. If it is a final 
test, a quantity of precipitate which is clearly visible, is sufficient; but if the 
precipitate is to bo filtered out and dissolved, a considerable quantity should 
be formed. If the precipitate is to be removed and the filtrate tested further, 
the precipitation must be completed — by adding the reagent as long as the 
precipitate increases, with the warmth and time requisite in the operation ; 
and a drop of the same reagent should be added to the filtrate to obtain assu- 
rance that the precipitation has been completed. Itwill be found, with a little 
experience, that some reagents must be used in relatively large quantities : 
this is especially the case with hydrosuiphurio acid solution. The other acids 
— especially concentrated sulphuric, hydrochloric, and nitric — are required in 
quantities relatively very small. 

IB. Precipitates are removed — usually by filtration, sometimes by decan- 
tation. If they are to bo dissolved, they must be first washed till free from aU 
the substances in solution. If the precipitate has been made complete, there 
must be some excess of the reagent in solution, even in the closest work, and, 
if it is n<^t required that the precipitate should be complete, excess of the re- 
agent may have been used. Other substances are in solution, after a precipi- 
tation, as may be seen by a glance at the equation for the change. In an 
analysis of a complex mixture, there are substances in solution which are not 
chemically disturbed by one precipitation. All these dissolved substances per- 
meate and adhere to the porous precipitate with greater or less tenacity. If 
they are not wholly washed away, some portion of them will be mixed with 
the dissolved precipitate. Then, the separation of substances, the only objp '~ 
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of the precipitation, is not accomplished, while the operutor, proceeding just W 
though it was aocsmplished, undertakes to identity the members of a group hy 
reactions on a mixture of groups. In such a case, the student la fortunate if 
the conflict between the " coufirmatory reactions " and his supposed results I 
becomes sufficiently evident to induce him to clean the test-tubes aud com- 
nence the work at the begiuuing again — otherwise an incorrect result is re- 
ported. The washing, on the 61ter, is best completed by repeated additions of 
small portions of water — around the filter border, from the wash-bottle — allow- 
ing each portion to pass through before another is added. The washings 
should he tested, from time to lime, until they are free from dissolved sub- 
stances. 

18. In dissolving precipitates — by aid of acids or other agents — use the 
least possible excess o/ the solvent. Endeavor to obtain a solution nearly or 
quite saturated, chemically. If a large excess of acid is carried into the solu- 
tion to be operated upon, usually it has to be neutralized, and the solution is 
liable to become so greatly encumbered by additions of reagents and the water 
of their solution, that reactions become faint or inappreciable. Precipitates 
may be dis^lved on the filter, without excess of solvent, by passing the same 
portion of the (diluted) solvent repeatedly through the filter, following it once 
or twice with a few drops of water. The mineral acids should be diluted to 
the extent required in each case; for solution of small quantities of carbonates 
and some other easily soluble precipitates, the acids may be diluted with fifty 
times their weight of water. Washed precipitates may also be dissolved in 
the test-tube, by rinsing them from the filter, through a puncture made in its 
point, with a very little water. If the filter be wetted before filtration, the 
precipitate will not often adhere to it vei'y closely. 

17, In adding an acid, or an alkali, to gatnration, or anpersatuFation, or 
short of saturation, as may be directed, add by small portions, and after each 
addition shake and test upon a slip of litmus-paper, by a drop from a glass rod. 

18. Chemical Changes, as they occur in anaiytical operations, may be 
chiefly classified aa follows : 

(]) Those of Combination, or synthesis, as when carbonic anhydride is 
formed by burning charcoal in the air, or when the vapors of ammonia and 
hydrochloric acid are brought together in the formation of ammonium chloride : 

C* -I- 20 ^ CO, 

WH, + HCl ^ IfH.Cl 

■ A? the aWma of ciem^nia ore imited with euch tithcr in pair!', it is not iihiloEophiDaUr fomct to take 
tin nnerea DDmber of atoDiH of any elemeDt Id an equation. In Mun esse, it aiqet be eicpialnrd, that the atom 
ofcarljunlndlcawdia tbc equation was not roand free, bnt was Uken from a reliaw-atom of carbon, nbich 
libewiae combined with two atams of oijgen. Hence tho eqnstion tn the text repreaenta tbe half of the 
amaliest portlona of matter thai could en^^in I he operation. To avoid complexity in thia work, eqnattons 
wiit n^imlly repreacnt elements bj atoms instead of molecnies, and uneven nnmbers of atoms vrUl besUted, 
wherever this is nece:wiry to the lowenl atomic Icims of the equation. 
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I(S) Those of Dissociation, or analysis in its liiniLed sense, as in the pro- 
tioo of oxygen and mercury by heating mercuric oxide, or of quicklime aad 
oarbonic anhydride by heating calcium carbonate : 

HgO = Hg + O 
CaCO, = CaO -f- CO, 
nS] Those of Tran^osition, or mutual replacement, as in the formation of 
mbic sulphate and ferrous nitrate from solutions of plumbic nitrate and 
ferrous sulphate, or of zinc chloride and hydrogen from hydrogen chloride and 
zinc: 

Pb(]S-Oj, + FeSO. = PbSO. + Fe{HO,), 
2HCa + Zn ^ ZnCl, -j- 2H 

l;(4) Those of Oxidation and lleduvtion, or change of active q u an ti valence, 
Q the production of stannic and mercuroua salts from stannous and mercuria 
salts, or in the formation of sulphLiric acid and arsenious oxide from sulphurous 
acid and arsenic oxide : 

Sn"Cl, + 2Hg"CI, = 8n""Cl. + Hg,"Cl, 

4- Ab'^,0, ^ 2H,S"0. + ^'".O, 

IB. When substances in separate solutions are hrouglit together, one of the 
of the formation of new substances is the appearance of a 
solid or a gas in the mixture. 

In most cases of transposition or metat/ieaie [18(3)] this change of stale 
is the only evidence showing the fact and the exact extent of chemical change, 
A solid, that is to say, a precipitate, which separates, on mixing two or more 
solutions, can be removed, and its quantity ascertained (12 and 15). A gas 
which separates from mixed solutions can be recognized by its properties, and 
sometimes by effervescence, and its quantity can be determined. 

A change of transposition between dissolved substances — salts, acids, and 
bases — will take place when one or more of the products of such change is a 
not soluble in the mixture : 
|1) Transposition between two salts. 

On mixing solutions of any two salts, capable of forming, by exchange 
phases, a salt insoluble in the mixture — the insoluble salt is produced and 
precipitated : 

poLaHsic miipkfd^ -|- j^wabi'^ acelate i^ piumlAc futpfmie -f- potaeelc acetate. 

b. On mixing solutions of (wo salts, which, in transposition, form two new 
salts both soluble in the mixture — a partial exchange of bases takes place, and 
variable proportion.s of the two original salts and the two new salts remain in 

ition 

Transposition between an acid and 
On adding, to a solution of a sail, an acid which can form with the b( 
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a salt insoluble in the solvent and in the produced acid — the insoluble salt is 
formed and precipitated : 

argentic mtr&\% -f* hj^^nz cJiloride = argentic chloride -f hydric nitrate. 

b. In adding, to a solution of a salt, an acid which can form with the base 
a salt insoluble in the solvent, but soluble in the produced acid (as diluted 
m the mixture) — no precipitate is formed : 

ferrous sniphate + hydric sulphide = ferrouB enlphate + hydric sulphide. 

c. On adding to a solution of a salt (formed by a soluble acid), an acid 
which can form with the base a soluble salt — usually a partial exchange of acid 
radicals occurs, and variable proportions of two salts and two acids remain in 
solution : 

l«ta^ nitrate + hydric «*Aa/. = {^^f^^ \ + { S];SS^ Sg^!«- 

d. On adding an acid to the solution of a salt the acid of which is insoluble 
in the solvent — the insoluble acid is formed and precipitated : 

sodic sUicate + carbonic acid = HUcic acid -f- sodic carbonate. 

(3) Transposition between an alkali and a salt. 

a. The addition of a solution of a hydrate of a basCy to a solution of a 
salt, the hydrate of the base of which is insoluble in the solvent present — 
causes a precipitate of the insoluble hydrate : 

ferric chloride -f- amnionic hydrate = ferric hydrate -|- amnionic chloride. 

h. The addition of a solution of a hydrate of a base, to a solution of a salt, 
the acid of which can form with the other base a salt insoluble in the solvent 
—causes a precipitate of the insoluble salt : 

sodic sulphate + haric hydrate = baric sulphate + sodic hydrate. ^ 

€. The addition of a solution of a hydrate of a base, to a solution of a salt, 
the acid of which can form a soluble salt with the other base — usually causes a 
partial interchange of bases, leaving variable proportions of the two salts and 
two hydrates in solution : 

20. Transpositions in solution are determined hy forming the gaseous state^ 
as well as by forming the solid state. Generally, when, by decomposition 
between salts, acids and hydrates, both materials being in solution or one in 
solution and one solid — if there can be produced a substance which is volatile 
at the temperature of the operation — such substance is formed and vaporized. 
At ordinary temperatures : 

calcic carbonate + hydric chloride = calcic chloride + carbonic anhydride + water: 
amm<wiic chloride + calcic hydrate = calcic chloride + ammonia -f water. 

AteO^C. (140° F.): 

potassic carbonate -f- ammonic carbonate = potassic hydric carbonate -f- ammonia. 

In hot solutions : 

sodic chloride -\- hydric sulphate = sodic sulphate + hydric chloride. 
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^^^ ignition ^H 

Bodic saipliate + hud/ric phoepbute :^ BOdle phosphate -f- hyaHc tvlpltale. ^^H 

21. It cannot too soon be understood, concerning changes between sub- "^B 
stances — acids, bases and salts, in solid, lic[uid, and gaseous states — strictly 
obeniical in nature and proportions as these changes are, they are not nearly bo 
often determined by the relative degree of chemical power as by eo-uperating 
forces — cohesion, adhesion, heat, light, etc. — the circumstances which modify 

the relative power of affinities. 

Furthermore, the student should avoid placing his chief dependence npon 
generalizations, especially in the early period of his study. Science rests upon 
facts. It is logical to begin at the foundation, and work upwards in the same 
order in which the investigations of men have established science. 

22. While the results of chemical operations are declared to the powers of 
observation as changes of manses, they are represented to the understanding as 
changes of molecules, and as such are expressed in cliemical equations. 

When we observe evidences of a chemical change in any mixture before us, 
we are assured that some new arrangement of atoms — some alteration of mole- 
cules — has occurred. Usually, the evidence shows that certain molecules have 
broken up, and their atoms have entered into certain new molecules. Now, to 
slate the composition and proportional number of all the molecules which act 
upon each other, and result in an operation, ia to make a chemical equation. 
The first side of the equation represents the molecules broken up in the opera- 
tion ; the last side, those produced in the operation ; each side presenting the 
same kind and number of atoms, but different molecules. To be prepared to 
conBtruct the equation, we must know the exact composition — theformulte — of 
all the suhstances brought into the operation, and we must ascertain the com- 
position — the formulre — of the substances produced in the operation. Having 
these inviolable data, the formulee of the molecules, the determination of the 
number of each kind of molecules, necessary "to balance the equation," be- 
comes a simple mathematical calculation. Finally, "the combining number" 
of each substance in an equation expresses its number of " parts by weight," 
for large or small quantities, as exemplified in paragraph 24.* 

23. In the practice of qualitative analysis, the student necessarily refers to 
authority for the composition of precipitates and other products. For exam- 
ple, when the solution of a carbonate is added to the solution of a calcium salt, 
a precipitate is obtained ; and it has been ascertained by quantitative analysis 
that this precipitate is normal calcium carbonate, CaCO,, invariably. Were 



W by oiomn Innteufl of molecaleB, 



wrtghta as roqilired fnr the equation. In the first equation in parograpli IS, the i 
oxygen Is 32, The term "part" shoald bo restricted to tlie onitof weight, the Ban 
alom ot hi'diogeQ is one part ; an ntam ol (uygcn is cqiml to sixluea parts. 
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there no authorized statement of the composition of this precipitate, the 8t» 
dent would be unable, without making a quantitative analysis, to declare itlj 
formula or to write the equation for its production. When the results of analy* 
tical operations are substances of unknown, uncertain, or variable compositioii| 
equations cannot be given for them, in much the greater number of caseSy but 
not in all cases, will any acid radical unite with any metal, and, if so, unite ai 
normal salt. 

24. By translating chemical equations into statements of proportional 
parts by weighty they are prepared to serve as data for ordinary uses — ^in 
operations of manufacture, with large or small quantities, and in quantitative 
analysis. 

For example, in dissolving iron by aid of hydrochloric acid, we have the 
equation : 

Pe + 2HC1 = PeCl, + 2H 
55.9 73.0 126.9 

Also, in precipitating ferrous chloride by sodium phosphate, we have tht 
equation : 

PeCl, + Na,HPO, [+12H,Oj = PeHPO, + 2iraGl 
142 + 216 = 358.0 151.9 

Suppose it is desired to determine from the above : 

(1) How much '* hydrochloric acid," 32 per cent. HCl, is required to dis- 
solve 100 parts of iron wirel 

(2) Wha*" quantities of 32 per cent. " hydrochloric acid " and iron wire 
are necessary to use in preparing 100 parts of absolute ferrous chloride? 

(3) What materials, and what quantities of them, may be used in prepar- 
ing 100 parts of ferrous phosphate ? 

We write the combining numbers of each substance that is to be weighed, 
under its symbols in the equation. These numbers already express the pro- 
portional weights : they may, of course, be changed into other numbers ex- 
pressing the same proportion to each other. If 56 parts of iron are dissolved 
by 73 parts of hydrochloric acid, 100 parts of iron require 130 parts of hydro- 
chloric acid. The iron wire is not quite pure iron, but taken as such. The 
solution of the acid is specified at 32 per cent. The phosphate is weighed in 
crystals and then dissolved — the water of crystallization being included in the 
combining number. Then : 



( 55.1 
I 32 




73.0 
100 

73.0 
100 
55.9 



: 100 : X = parts of absolute HOL for 100 parts iron wire. 

: X : y = parts of 32 p. c. hydrochloric acid for 100 parts of iron. 

: 100 : X 

: X : y = parts of 32 p. c. hydrochloric acid for 100 parts of ferrcns chloride. 

: 100 : X = parts of iron wire for 100 parts of ferrous chloride. 
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: z ; y = puts oC 3S p. c. Ivydrochlorle acid tor 100 portB ot tBrniiu pi 
; ](» : s = parls ot metallic Iron (or 100 pan* oJ ferrona phoapliato. H 

IBl.B : 358.0 ; ; 100 : i = parls of ctyel. Bodium phos, for lOO parLs of ferroaB pbosphatB. 

Practice in reducing the eumbiiiing numbers of tlie terina in an equation to 

pie parts by weight^grama, grains, ounces, or poumls — is a very ina true- 
even in the early part of Qualitative ( 'hemiatry. It enforces cor- 
■ ideas of tlie significance of formula: and equationa, and refers 

dieniica] expressions to the facts of quantitative operations. In pursuing 
chemistry, or advaneed chemistry in any direction, this work — 

PChemical Problems'' is in constant demand, both aa an impprtant means 

^eoretical study and as a neoesaary accompaniment of all independent 

gtice. 

35. The chief requirement in qualitative practice is an experimental ac- 
vith the ciiemical relations of substances, rather than the identifi- 
ffl;ion of one after the other by routine methods. The acids and bases, the 
oxidizing and reducing agents, are all linked together in a network of relations, 
and the ability to identify one, as it may be presented in any combination or 
mixture, resta upon acquaintance with the entire fraternity. For example, in 
the study of an acid, its deportment with all the bases should be learned, all its 
r^resentative salts should be produced, and the character of these salts should 
be menially associated with the respective bases as well as with the acid. The 
study of sulphuric acid furnishes the best illustration of an important charac- 
teristic of lead, calcium, magnesium, and other metals. in any test, the 
"reagent " should not be held by the student as a mere instrument, but as 
one of two substances, both of which are under investigation. The earlier the 
habit of constant generalization is acquired, the sooner will the difficulties of 
tJie manipulation clear way. The most direct method of pursuing Analytical 
Chemistry is to atwly chemistry analytically. 

26. It is advisable that the initiatory qualitative worAbedone upon known 
material — verifying the character! a ties of each acid and base, studying the 
methods of separation, and stating the operations in equations — before attempt- 
ing actual analysis with unknown material. In this initiatory work, the ex- 
amination of each acid and each base needs to be so made, or repeated, that the 
student can obtain, understand, and remember its chemical changes: a mere 
routine repetition of the simplei- analytical tests being worse than waste of 
time. Reactions having importance in synthesis require as much attention as 
those important in analysis. 

27. The full text of the book, rather than the analytical tables, should be 
taken as the guide in qualitative operations, especially in those upon known 
material. The tabular comparisons are commended to attention, especially for 
review. In the actual analysis, the tables serve mainly as an index to the 
body of the work. Throughout the practice upon known material, when the 
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student is engaged upon a base or an acid, and in the study of its reactions, he 
should refer to a manual of Elementary Chemistry for completion of his ac- 
quaintance with the substance in hand. During the analysis of unknown 
material, the student should constantly consult the more complete works withioi 
his reach, such as the dictionaries of Storer, and Watts, and the Hand-book of 
Gmelin, or the larger manuals of Miller, Schorlemmer, and others. Habits of 
personal investigation, and of independent search of authorities, when estab- 
lished during qualitative work, form the sure foundation of a good chemical 
education. 



OBDEB OP STUDY. 

The order of stady of qnalitative analysis^ in the laboratory under the anthor*s charge, -varied ftrom 
year to year, is at this time (1880) abont as follows : Preparatory— a drill in *' writing salts," to menuxice 
quanti valence and make the notation familiar. Then, FIRST, a study of the solubilities of metallic salts and 
hydrates, namely : A, obtaining all the precipitates by i>ota88imn hydrate or sodimn hydrate, with 
the metals of successive groups, then the same with ammoniuzn hydrate, as given in para^rraph 88— tiie 
student writing equations for aU precipitates. B, Obtaining the precipitates by potassium oarbonatei 
with the successive bases, and formulating the changes (651, 86, 98, 105, etc.) In the same way, the student! 
work out the precipitates with, C, the sulphates (676, 88, 98, 106, 812) ; 2>, the sulphites j E, free sol- 
phurous acid; F, ammonium sulphide ; O, hydrosulphurio acid ; H, common sodium phosphate; 
/, free phosphoric acid; J, chlorides; if, bromides ; X, iodides; if, iodates; iV^, potassium 
dichromate ; 0, ammonium oxalate. SECOND, a study of the analytical reactions of each base, and 
then, for the first, practice in the separation of metals from each other, taking them in the order of their 
groups. THIRD, the analytical reactions of each acid, and then the separations of acids. FOURTH, pra©. 
tice with synthetic operations, devised by the student, for required products, with given material*— equa- 
tions of all changes being given by the student. Thus, required to make lead sulphide, taking the lead from 
the metallic state, and the sulphur from calcium sulphate. At this point a full examination is held, and 
qualification upon all the work passed over is required before going further. FIFTH, the analysis of un- 
known solid mixtures, each containing from two to seven compounds. The combination of each base, in the 
greater number, to be determined by the action of solvents upon the mixture. Reports received after 
analyses of each five, and results of first and second reports preserved. SIXTH, the analysis of mixtures in 
solution, mostly involving the action of oxidizing and reducing agents. Lastly, a final examination. There 
is a daily recitation, with the daily laboratory work. 



PAET I. -THE METALS. 



28. ClaasLfloation of Metala or Bases. — In chemical analysis, the meta 
are commonly divided into five groups uccordiiig to their deportment, in soW 
tion of their salts, with eertiiiii gf rioral reagents, as follows : 

i. Those metals, forming cA^onrfes insoluble in water (see 9), are precipS 
tated from tlio solutions of their salts by the first group reagent, hydrochZori 
aoid: Pb, Ag, Hg,". 

11. The metals which in acid solutions form insoluble sulphides, ai 
pitated from their acidulated solutions by the second group reagent, Ai 
pkuric uci'l: As, 8b. Sn, Pb, Ag, Bi, Cu, Cd, Hg,", Hg". 

HI. Those metala which form sulphides insoluble in water, but decomposes 
by dilute acids, are preoipitaied from neutral solutions by the third group 
reagent, ammonium sulphide, which also precipitates two metals in this group 
as hydrates : Fe, Mn, Go, 171, Zn, eulphides ; Al, Cr, hydratsB. 

IV. Of the remaining metals, those having carbonates insoluble in water 
are precipitated from their solutions by the fourth group reagent, ammonium 
carbonate: Ba, 8r, Ca, Mg. if ammonium chloride be present, Mg is left for 
the next group. 

V. Tlie metals forming chlorides, sulphides, and carbonates, soluble in. 
water, are not precipitated by any of the four group reagents, and are left to 
the fifth group. K, Nfl, Li, NH,. 

28. Each group reag&nt will precipitate the metals of preceding groups. 
The metals distinguished by being insoluble as chlorides (Group I.), are also in- 
soluble as sulphides (wilh Groups II, aud 111.), and as carbonates (with Group 
IV.) The second group sulphides are precipitated both from acid and from 
neutral solutions, tho\igh the third group sulphides are precipitated from neu- 
tral, but nut from acid solutions, and second and third group metals form 
insoluble carbonates, as well as those of Group IV. In the work of analysis, 
the first group metals may he worked with the second, but thereafter, the 
metals found in each group must be completely removed before testing for the 
next group. After filt-ering out a group precipitate, the reagent which pro- 
duced it should be again carefully applied, with the proper conditions, to the 
filtrate, before testing it for the next group. 
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TsE Metals of the Alkalies, 



m 


GBOTJP V. 


f 


The Alkali Metals. 


iFotassium, . 


. K' = 3i).0 Lithium, 


Bodium, . . 


. Na' = 23.0 Eubidinm, 


Anuuoniiun, . 


. (NH.}'=14+4 CEBflinm, 



Cs' = 133.0 ■ 

1. The metak of the alkalies are highly combustible, oxidizing quickly idV 
the air, displacing the hydrogen of water * even more rapidly than ziuc or iroff.! 
displaces the hydrogen of acids, and displacing non-alkali metals from theif ■■ 
oxides and salts. As elements they are very strong reducing agents, while 1 
their compounds are very stable, and not liable to either reduction or ox i da- j 
don by ordinary means. The five metals, Ca, Bb, K, Na, Li, present a grada-'l 
Uon of electro-positive or basic power, ciesiuin being strongest, and the others 1 
decreasing in the order of their atomic weights, lithium decomposing water witfa.^ 
leas violence than the others. Their specific gravities decrease, their fiiein|^'J 
points rise, and as carbonates their solubilities lessen, in the same order. Iq>3 
solubility of the phosphate, also, lithium approaches the character of an alkali 
line earth. I 

Ammonium is the basic radical of ammonium salts, and as such has th^V 
characteristics of ail alkali metal. The water solution of the gas aramonia^J 
BTH, (an anhydride), from analogy is supposed to contain ammonium hydrate,.J 
ITH,OH, known as the volatile alkali. Potassium and sodium hydrates are I 
thejixied alkalies in common use. 1 

S3. The alkalies are very Bolnhle in water, and aU the iviportant salts o/' 1 
the alkali metals (including NH,) are soliibk in water, not excepting tb^ J 
carbonates, phosphates (except lithium), and silicates; while alt other metaljM 
form hydrates or oxides, either insoluble or sparingly soluble ; and carbonate^^ 
phosphates, silicates, and certain other salts quite insoluble in water. ^ 

Their compounds being nearly all soluble, the alkali metals are notpreci- I 
pitated by ordinary reagents, and with few exceptions, their salts do not preci- I 
pttate each other. In aoalyBis, they are mostly separated from other metals I 
by non-precipitation. I 

38. In accordance with the insolubility in water of the non-alkali hydrates J 
and oxides the alkali hydrates precipitate all non-alkali mHals, except that M 
ammonium hydrate docs not precipitate barium, strontium, and calcium. These 1 
precipitates are hydrates, except those of mercury, silver, and antimony. I 

But certain of the non-all;ali hydrates and oxides, though insoluble in water, I 
dissolve in solutions of alkalies ; hence, when added in excess, the alkalies re- I 
dissolve the precipitates they at first produce with sails of certain metals, I 
vja^i the hydrates ofPb, Sn, 8b, Zn, Al, and Cr dissolve in the fixed aUcalies; I 




Tbb Metals of the Alealibb. 



and oxide of A^ and hydratea of Cu, Zn, Co, and TSi & 
alkali. 



Freoipitatloiis by Alkali Hydrates (KOH, NaOH, and IfH.OH) 

(Note the color of precipitates obtained.) 
bydrate, Ba(OH)„not causedbyNHjOU,aoI. in 15 parts water (85). 



\ 



Strontiiun ' 


Sr(OH),, 


" " 60 parts water. 


Calcium ' 


Ca(OH)„ 


» 700 " (i04). 


Magnesium ' 


Mg(OH) 


, soluble by NH,C1, aol. in fi.OOO " (114). 


Aliiminiiip^ ' 


■AJ,(OH), 


soluble in excess fixed ulkull liydrates (145), 


Clitomium. 


Cr,(OH), 


soluble in cold sol. of fixed alkali, precipitated 
on boiling (154). 


Ferrous 


' Fe(OH), 


slightly soluble by NI1,C1. O.xldizes m air (174). 


Ferric 


' Fe,(OH) 


(184). 


ManganouB 


Mn(OH) 


, soluble by NH,C1. Oxidizes in air (204). 


Manganic 


Mn.,(OH), (214). 


Oobolt 


' Co (OH), 


aol. in excess NH.OH, and by NII.Cl (219). 


3ETiokeL 


' ITi{OH), 


» " (238). 


Zinc 


Zn{OH), 


soluble in both fi.xed and vol. aikaiiea (235). 


Copper 


' Cu(OH). 


soluble in NH,OH (with blue color) (273).- 


Cadmium 


' Cd{OH), 


(colorless) (301). 


Bismuth 


• Bi{OH), 


(289). 



Lead " Pb(OH)„ soluble in excess fixed alkalies (309), 

SUver oxide, Ag,0, soluble in excess NII,OH (330). 

Mercurous oxide, Hg^O (by fixed alkalies) (346). 

Merc urous- ammonium chloride, NH^Hg^Cl, from Hg,Cl, by NH^OH (347). 

Mercuric oxide, HgO (by fixed alkalies) (356). 

Mercur-ammonium ehloride, NH^HgCl, from HgCl, by NH^OH (357). 

Antimonious oxide, Sbp„ soluble in excess fixed alkalies (403). 

Stannona hydrate, Sn(OH)^, " " " (4.30). 

Stannic " Sn(OH)j, " " " (440). 

84. Solutions of the alkalies are caustic to the taste and touch, and turn red 
lltm.iiB blue ; also, the carbonates, acid carbonates, normal phosphates, and 



^M 



P'Otfter salts of the alkali metals, give the "alkaline reaction " with test 
Sodium mtroferrioyamde, with hjdrogen sulphide, gives a delicate 




. The hydrates and normal carbonates of the alkali metals are not de- 
Kposed by beat alone (as are those of other metals), and these metals form 
f- only aoid carbonates obtained in the solid state. 

. The fixed alkalies, likewise many of their salts, melt on pla,timmi foil 
B flame, and slowly varporize at a bright red heat (distinction from magiie- 
All salts of ammonium, by a careful evaporation of their solutions on 
^atinum foil, may be obtained in a solid residue, which rapidly vaporizes, 
whoUy OP partly, below a red heat (distinotion from fixed alkali metals and 
magnesium). 

37. The hydrates of the fixed alkali metals, and those of their salts most 
volatile at a red heat, preferably their chlorides, impart strongly characteristic 
colors to a non-luminous flame, and give well-defined spectra with the spec- 
troscope. 

POTASSIUM. 

88. The hydrate, carbonate, dimelallic pliosphate, sulphite, nitrite, acetate 
and normal tartrate are deliquescent. 

39. None of the potassiutn salts are quite insolable in water; the plaiinic 
chloride, acid tartrate, silieo -fluoride, nitro-phenatc, phospho-molybdato, and 
per-chl orate, being only slightly soluble in water, and quite insoluljle in alco- 
hol. The chlorate is but sparingly soluble in cold water, and nearly insoluble 
in alcohol. Also, the carbonate and sulphate are insoluble in alcohol. 

In ordinary qualitative analysis, potassimii compounds are identified by 
their flame-ccdor (44), using blue glass to exclude the color of the sodium-flame ; 
also by precipitation of potassium acid tartrate in alcoholic acidified solution 
(41), or of potassium platinic chloride (40). Both these precipitations are used 
in quantitative analysis. 

40. Flatiuia CSiloride (PtClJ, added to neutral or aeid solutions not toO' 
dilute, with hydrochloric acid if the compound be not a chloride, precipitates 
potassium platinic chloride (KCl),PtCl„ crystalline, yellow. Non-alkali 
bases also precipitate thia reagent, and if present must be removed before this 
test. The precipitate is soluble in li) parts of boiling water, or 111 parts of" 
water at 10" C. Minute proportions are detected by evaporating the solution. 
■with the reagent nearly to dryness, on the water- bath, and then dissolving in 
alcohol; the yellow crystalline precipitate, octahedral, remains undissolved,. 
and may be identified under the microscope. 

41. Tartarioaoid (H,C,H,0,), or more readily sodium hydrogen tartrate 
(ITaS C.H^Oj), precipitates, from solutions sufficiently concentrated, potnsaium 
hydrogen tiirCrale, KHC,H,0„ granular-crystalline. If the solution be alka- 
line, tartaric acid should be added to strong acid reaction. The test must be 



32 PotassiumSodium, 

made in absence of non-alkaline bases. The precipitate is increased by agita- 
tion, and by addition of alcohol, it is dissolved by fifteen parts of boiling 
water or eighty-nine parts water at 25° C, by mineral acids, by solution of 
borax, and by alkalies, which form the more soluble normal tartrate, K^C^H^O^ 
but not by acetic acid, or at all by alcohol of fifty per cent, 

42. Nitrophenic acid, HC,H,(N0J30, picric acid, precipitates, from solu- 
tions not very di'lute, the yellow, crystalline potassium nitrophenaief 
KCgHj(N0j30, insoluble in alcohol, by help of which it is formed in dilute 
solutions. The dried precipitate detonates strongly when heated. 

. 43. It will be observed that ammonium salts form precipitates with plati- 
nic chloride and with tartaric acid, closely resembling those formed with salts 
of potassium, but the latter is the only fixed alkali which is precipitated by 
these reagents. 

44. Potassium compounds color the flame violet. A little of the solid sub- 
stance, or residue by evaporation, moistened with hydrochloric acid, is brought 
on a platinum wire into a non-luminous flame. The wire should be previously 
moistened with hydrochloric acid, and held in the flame until it does not color. 
The presence of very small quantities of sodium enables its yellow flame com- 
pletely to obscure the violet of potassium ; but owing to the greater volatility 
of the latter metal, flashes of violet are sometimes seen on the first introduc-' 
tion of the wire, or at the border of the flame, or in its base, even when enough 
sodium is present to conceal the violet at full heat. Silicates may be fused 
with pure gypsum, giving' vapor of potassium sulphate. The interposition of a 
blti^ glass, or prism filled with indigo solution, sufficiently thick, entirely cuts 
off' the yellow light of sodium, and enables the potassium flame to be seen. 
The red rays of the lithium flame are also intercepted by the blue glass or in- 
digo prism, a thicker stratum being required than for sodium. If organic sub- 
stances are present, giving luminosity to the flame, they must be removed by. 
ignition. Certain non-alkali bases interfere with the examination. 

45. The volatile potassium compounds, when placed in the flame, give a 
widely-extended continuous sjyectrum, containing two characteristic lines ; one 
line K a, situated in the outermost red, and a second line, K /?, far in the violet 
rays at the other end of the spectrum. 

SODIUM. 

46. Of ordinary compounds of sodium, only the hydrate, nitrate, and chlo- 
rate are deliquescent. The carbonate (10 aq.), sulphate (10 aq*), sulphite (8 (zq,), 
phosphate (12 aq.), and acetate (3 aq,), are efflorescent. 

47. The salts of sodium are freely soluble in water, except the metantimo- 
niate and the silico-fluoride, the latter being sparingly soluble. 

Sodium is identified chiefly by its flame-color (50), and by non-precipita- 
tion with various reagents. Its soluble salts are weighed in gravimetric opera- 
tions. 



Ammonium, 33 

48. Solution of potassium metantimoniate (KSbOj) produces, in neutral or 
alkaline solutions, a slow-forming, white, crystalline precipitate, NaSbO,, 
almost insoluble in cold water. The reagent must be carefully prepared and 
dissolved when required, as it is not permanent in solution. (See under Anti- 
monic Acid, 419.) 

49.tSodium platinic chloride, (N'aCl)3PtCl^, crystallizes from its concen- 
trated solutions in red prisms, or prismatic needles (distinction from potassium 
or ammonium). A drop of the solution to be tested is slightly acidified with 
hydrochloric acid from the point of a glass rod on a slip of glass, treated with 
two drops of solution of platinic chloride, left a short time for spontaneous 
evaporation and crystallization, and observed under the microscope. 

50. Sodium compounds color the flame intensely yellow -the color being 
scarcely affected by potassium (at full heat), but modified to orange-red by 
much lithium, and readily intercepted by blue glass. Infusible compounds may 
be ignited with calcium sulphate. The test is interfered with by some non- 
alkali bases. 

51. The spectrum of sodium consists of a single band, Na a, at Fraun- 
hofer's line D, in the yellow of the solar spectrum. 

52. The amount of sodium in the atmosphere^ and in the larger number of 
substances designed to be ** chemically pure," is sufficient to give a distinct but 
evanescent yellow color to the flame and spectrum. 

AMMONIUM. 

53. The anhydride, ammonia (NH3), gaseous at common temperatures, 
dissolves in twice its weight of cold water, forming a volatile solution lighter 
than water. 

54. The " sesquicarbonate" (NHj^H,(C03), (1 org'.), or tetra-ammonium 
dihydrogen carbonate, and the phosphate (2 aq.), are efflorescent; the nitrate 
is deliquescent, and the sulphate, slightly deliquescent. The normal carbonate 
is very instable, and used only in solution. 

55. The solubilities of the salts of ammonium correspond very nearly 
with those of potassium salts. 

Anunoniuin is found by obtaining the anhydride, ammonia, in vapor (56, 
57). Precipitation as mercurammonium iodide (58) is also UvSed. Ammonium 
platinic chloride is weighed in quantitative work (61). For the nitroferricy- 
anide test, see 668. 

56. Ammonia gas (NHg) escapes from its solutions (having alkaline reac- 
tion) at ordinary temperatures, more rapidly when heated ; and from its com- 
binations, in any mixture (alkaline, neutral, or acid), by heating with an alkali 
or alkaline earth (potassium or calcium hydrate). 

NH^Cl + KOH = KCl + NH3 + 13.fi 

57. Ammonia gas is recognized, 1st, by its odor; 2d, by turning 




Ammoxilw. 

Btoistened red litmufl-paper to hlue ; 3d, by changing red logwood paper 
; 4lh, by rendering paper wet with solution of cupric sulphate dlutj 
$th, bjr blackenilig paper wet M'ilh solution of morcuroua nitrate ; tilh. by 
forming white fumes with the vapors of volatile acida, \;i[)or ol" HCl Corm- 
g solid HH^Cl ; vapor of HC,H,0, forming solid NH, C,H,0„ etp, 
S8. A solution of pot&s&iiuu mercurio iodide, (EI),HgI,, containiDg 
I also potassium hydrate— TTessler' a test* — produces a brown precipitate of 
nitrogen dimercurie iodide, NHg,I {dimercur-ammonium iodide, 347, foot' 
note), soluble hy excess of KI and by HCl ; not soluble by KBr (distinction 
from HgO) : 

TTH, + 2HgI, = IfHg^l + 3HI 
NH.OH + 2(KI),HgI, + 3KOH = HHg,I + 'KL + 4H,0 

This very delicate test is applicable to ammonium hydrate or salts ; traces 
forming only a. yellow to brown coloration. The potassium mercuric iodide, 

le, preoipitatea the alkaloids from nevtral or acid solutions, but does not 

cipitate ammonium salts from neutral or acid solutions, 

69, Mercurio chloride (HgCl,), forms, in solutions of ammonium hydrate 
nonium carbonate, the "while precipitate" of nitrogen dihydrogen 
Baiereurio chloride, IfH^HgCl, or mereur-ammoiiiutn chloride. If theammonium 
8 in a salt, not carbonate, it ia changed to the carbonate and precipitated, by 
Ksddition of mercuric chloride and potassium carbonate previously mixed in 
Paolutions (with pure water), so dilute as not to precipitate each other (yellow). 
This teat (Bohlig's) is intensely delicate, revealing the presence of ammonia 
derived from the air by water and many aubstances. 

eo. Add a small quantity of recently precipitated and woll-washed fdlver 
ohioride, and, if it does not dissolve after agitation, then add a little potassium 
hydrate solution. The solution of the AgCl, before the addition of the fixed 
allcali, indicates free ammonia; aft&r the addition of the fixed alkali, ammonium 
salt. (Applicable in absence of thiosulphatea, iodides, bromides, and suIp]io«^. 
cyanides.) ^ 

61. Platinic chloride, and tartaric add, form precipitates with am- 
monium, which, in conditions of production, form and color of crystals, and in 
solubility, eloiely resemble the potassium precipitates with Ihe same reagent 
They may be distinguished by the effect of ignition, which, in case of SW- 
monium platinic chloride, leaves pure spongy platinum (without ECl), and, R 
case of ammonium hydrogen tartrate, leaves pure carlion (without K^OO,). 
Also, NH.H C,H.O. is more soluble in water than KH C.H,0,. Mtrophenic 
add precipitates ammonium^ in solutions not very dilute. 

* This reagent infl7 l>e propared u f oUowb : To a i 
Iodide lill Ibi) precipitate is nmrlj' hH redis^olvcd ; the 
liquid becomes clEttt, and decimt fiom bc; remaining \ 



I 62. Phosphomolybdate of sodium (494, foot-note) precipitates am- 
i from neutral or acid solutions; also precipitates the alkaloids, even 
1 very dilute solutions, and, from concentrated solutions, likewise precipi- 
ft E, fib, and Cb (all the fixed alkalies, except TSa and LI). 

. AmmoDlum salts in eolution, treated with chlorine gas, generate the instable and 
y explosive "nitrogen chloride" <NOIi?)(a). The same product is liable Lo arise 
lid ammonium suits treated niDh chlorine. Gaseous ammonia, and aijueons am- 
n hydrate, with chlorine gas, generate free nitrogen (fi), a little ammontuin chlo- 
rate being formed if the ammonia is in excess. Hypocldoritea or hypobromilee (or chlo- 
nne or bromine dissolved in aqueous alkali, bo as to leave an alkaline reaction) liberate, 
from dissolved ammonium salts, all of their nitrogen (as shown in the second equation of 
5) ; the nieasuie of the nitrogen gas being a means of quantitative estimation of ainino- 
niain. — With iodine, ammonium iodide and the explosive iodaraides (as in equation c), 
are produced ; also, in proportion governed by conditions, iodate (d), and hypoiodite, may 
be formed.— Ammonia is liable to atroospherio oxidation to ammonium nitrite and nitrate. 
— .Bermanganaleg oxidize to nitrate (e), — Ammonia is somewhat readily jnvduccd from 
nitrio add by strong reducing agents. It is formed with carbonic anhydride, in a water 
solutiDn of Cyanic acid, and, morR slowly, in a water solutioa of Hydrocyanic acid. It is 
generated, by flsed alkalies, in boiling solution of Cyanides (/) ; also, in boiling solu- 
tions of albuminoids and other nitrogenous organic compounds, this formation being 
hastened and increased by addition of permanganate (Wanklyn's process). Fusion with 
'iSxe d alkalies transforms all the lutrogen of organic bodies into ammonia. 



NH,C1 
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6C1 


= NCls 


+ 


4H01 


4NH, 


+ 


3C1 


= 3NH.OI 


+ 


N 1 








NH.CI 


+ 


301 = 4H01 + N 


mm 


+ 


SI 


= NH.l 


+ 


NHJ 


eHH,OH 


+ 


61 


= 5NH,I 


+ 


NHjo, 4- smo 


eNB,OH 


+ 


4H,Mn,0, 


= bnh.no, 


+ 


8MnO(OH], + 5H,0 


HOH 


+ 


KOH 


+ mo 


= 


NH= + HOHOs (farmfltB) 



Pl;d4> Heat vaporizes the carbonate, and the haloid salte of an'.moniiim, 
losed f decomposes the nitrate with formation of nitrous oxide and 
irater, the pJiosphate and borate with evolution of ammonia, and other salts 
with various products. 

65. Ammonium compounds impart to the flame a faint and evanescent , 
\iolet color. 

LITHIUM. 



86. The chloride, chlorate, and many o' 

67. The carbonate, phosphate, and 

soluble iii water ; the other salts of lithiui 



nearly all soluble in alcohol. Lithium h 
aisauil fliLiiie-color (70, 71). 

S8. Sodium phosphate, ITa,HPO,, 
phate Li,PO„ soluble in 2.530 parts wal 
monium salts (distinction from fnagnesiu 



salts, are very deliquescent. 
3o. fluoride are only : 
freely soluble 



identified, chiefly, by spectral anata 

precipitates triinetallic lithium phot 
31"; more soluble in solutions of am 
n) ; but much less soluble in stroni 



36 Rubidium and Cesium. 

solution of ammonia. In dilute solutions, the precipitate forms only after 
boiling; and addition of sodium hydrate to alkaline reaction, or of ammonia to 
strong solution, increases the precipitate. Its solution in hydrochloric acid is 
not at once precipitated by ammonium hydrate in the cold (distinction from 
alkaline earth metals) ; and the blow-pipe bead of lithium phosphate, with soda, 
is transparent (that of alkaline earth metals being opaque). 

69. Nltrophenic acid forms a yellow precipitate, not easily soluble in 
water. 

70. Compounds of lithium impart to the flame a carmine red color, ob- 
scured by sodium, but not by small quantities of potassium compounds. Blue 
glass, just thick enough to cut off the yellow light of sodium, transmits the red 
light of lithium; but the latter is intercepted by a thicker part of the blue 
prism, or by several plates of blue glass. 

71. The spectrum of lithium consists of a bright red band, Li «, and a 
faint orange line, Li /?. The color tests have an intensity intermediate between ' 
those of sodium and potassium. 

RUBIDIUM Airo C-aE5SIUM. 

72. Of the known elements, these metals possess the extreme of basic power, as ap- 
pears from the gradation in the properties of the five metals of the alkali group, stated in 
paragraph 31. Metallic caesium has not been isolated in mass ; rubidium vaporizes more 
easily than potassium, and decomposes water with more violence. The hydrates of both 
these metals are very deliquescent, and strongly alkaline. The carbonate of caesium is 
soluble in five parts of boiling alcohol — other fixed alkaline carbonates being insoluble in 
alcohol ; but the separation of Os and Rb carbonates with absolute alcohol is hindered by 
formation of a double carbonate of both metals, not wholly insoluble in alcohol. The. 
salts of rubidium and caesium are soluble, except those named in the next paragraph, 
most nearly coinciding with potassium in precipitation. 

73. Plaiinic chloride precipitates, from chlorides or mixtures containing hydrochlo- 
ric acid, yellow ccesium platinic chloride, (OsOl^aPtOl^, in microscopic octahedral crys- 
tals, soluble in 265 parts of boiling water or, 2,000 parts of water at 10^ C. ; also yellow 
rubidium platinic chloride^ (Rb01)2PtOl4, octahedral, soluble in 157 parts boiling water 

\. or 649 parts of water at 10^ C. — Tartaric a^idj or sodium hydrogen tartrate, precipi- 
' ' tates caesium hydrogen tartrate only from very concentrated solutions, being dissolved by 
about 10 parts of water at 25° C. The precipitate of rubidium hydrogen tartrate, 
RbHC4H40a, is much less soluble, requiring 84 parts of water at 25*^ C. for solution. — 
Stannic chloride precipitates caesium, from solution with strong hydrochloric acid, as 
ccBsium stannic chloride, (Os01)2SnOl4, insoluble in strong hydrochloric acid, but soluble 
in water, and not formed in neutral solution, a distinction and separation from rubidium 
and all alkaline bases, except ammonium. — Aluminic sulphate, or ammonia alum, 
precipitates, from solutions containing sulphuric acid, ccesium aluminic sulphate, 
OsAl(S04)2.12H20, soluble in 160 parts of water at 17° C. — Rubidium aluminic sulphate 
is soluble in 44 parts of water at 17° C. The chlorides and other volatile salts of caesium 
color the flame violet blue ; those of rubidium, violet red. Both metals readily give 
characteristic spectra. 
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GROUP IV. 

74. The Alkaline Earth Metals. 

Barium, Ba'' = 136.8 

Strontium, . , . Sr'' = 87.2 

Calcium, Ca'' = 39.9 

Magnesium, Mg"=: 23.9 

. Like the alkali metals (31), Ba, Sr, and Ca oxidize rapidly in the air 
at oiJdinary temperatures — forming alkaline earths — and decompose t^a^er with- 
out ttie aid of an acid, forming hydrates ; also these hydrates are formed, with 
evolution of heat, when the oxides are brought in contact with water. Mg 
oxidizes rapidly in the air when ignited, decomposes water at 100° C, and its 
oxide— in physical properties unlike the other alkaline earths — slowly unites 
with water without sensible production of heat. As compounds, these metals 
are not easily oxidized beyond their quanti valence as dyads, and they require 
very strong reducing agents to restore them to the elemental state. 

76. In basic power, Ba is the strongest of the four, Sr somewhat stronger 
than Ca, and Mg much weaker than the other three. It will be observed that 
the soluhilify of their hydrates varies in the same decreasing gradation, which 
is also that of their atomic weights ; while the solubility of their sulphates 
varies in a reverse order, as follows : 

77. The hydrate of Ba dissolves in about 15 parts of water ; that of Sr, 
in 60 parts ; of Ca, in 700 parts ; and of Mg, in 6,000 parts. The sulphate 
of Ba is not appreciably soluble in. water ; that of Sr dissolves in 7,000 parts; 
of Ca, in 400 parts; of Mg, in 3 parts. To the extent in which they dissolve 
in water, alkaline earths render their solutions caustic to the taste and touch, 
and alkaline to test-papers. 

78. The carbonates, normal phosphates^ silicates, and some other salts of 
alkaline earths, are insoluble in water (as are those of the bases of the first 
three groups; see 32), Magnesium carbonate is soluble in ammonium salts, 
whereby its precipitation with the other three is prevented. Calciurn oxalate 
and barium chront ate are insoluble (see table for Group IV., 798) ; the oxalates 
of the other alkaline earths and the chromate of strontium are sparingly soluble ; 
chromate of calcium freely soluble. 

In qualitative analysis, the group-separation of the first three alkaline earth 
metals is effected, after removal of the first three groups of bases, by precipita- 
tion with carbonate in presence of ammoniuai chloride, after which magnesium 
is precipitated from the filtrate, as phosphate (28). 

79. The hydrates of Ca, Sr, and Ba, in their saturated solutions, neces- 
sarily dilute, throw down, from solutions of salts of the metals of the first three 
groups and of Mg, thin precipitates of hydrates of the latter, which precipi- 
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tates are not soluble in excess of the precipitants (compare 33). f~^ aiten 
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fixed alkalies precipitate, from solutions of Ba, Sr, Ca, and M, \~ 
the hydrates of these metals as does not dissolve in the water pres ^ « \ ^ 
rn07iium hydrate precipitates only Mg, and this but in part, owinf^' \^ '^ w 
bility of Mg(OH), in ammonium salts. '^"/ p ^^1 

80. Solutions containing alkaline earth metals with phosph ' \ i^, 
boracic, or arsenic acid, necessarily have the acid reaction, as oc\ \ ^ .is- 
solving phosphates, oxalates, etc., with acids ; such solutions are prt \ ied 
by ammo7imm hydrate or by any agent which neutralizes the solutic J' 19), 
and, consequently, we have precipitates of this kind in the third group.'*V- 

CaCl, + H,PO, + 2]SrH,OH = CaHPO, + 2ira:^Cl + 2H,0 
CaH,(PO,), + 2NHPH = CaHPO, + (iraJ.HPO, + 2H,0 

81. The carbonates of the alkaline earth metals are dissociated by heat, 
leaving metallic oxides and carbonic anhydride. This occurs with difficulty in 
the case of Ba, Sr, and Ca; with readiness in the case of Mg (compare' 35) ; 
hence ignition of the carbonates of Ba, Sr, and Ca causes them to present the 
alkaline reaction to a slip of moistened litmus- paper. 

82. Compounds of Ba, Sr, and Ca (preferably with HCl) impart charac- 
teristic colors to the non-luminous flame, and readily present well-defined 
spectra. 

BABIUM. 

83. Most of the soluble salts of barium are permanent ; the acetate is 
efflorescent. 

84. The chloride, bromide, iodide, sulphides, ferrocyanides, nitrate^ chlo- 
rate, acetate^ and phenylsulphate, are freely soluble in water ; the carbonate, 
sulphate, sulphite, chromate, phosphate, oxalate, iodate, and silico-fluoride, are 
insoluble in water. The chloride is almost insoluble in strong hydrochloric 
acid ; likewise the nitrate, in strong hydrochloric and nitric acids. The chlo- 
ride and nitrate are insoluble in alcohol. 

Barium may be separated from other alkaline earth metals by precipita- 
tion as chromate (89), and by its closer precipitation as sulphate (88). The 
latter precipitation is a sharp distinction from all other metals except lead, 
strontium, and calcium ; and is the operation most used in quantitative analysis 
of barium, and of sulphates. 

85. The fixed alkali hydrates precipitate only concentrated solutions of 
barium salts, as explained by the statement in 77. 

86. The alkali carbonates — as K^CO, and (NHJ^CO, — precipitate, from 
barium salts in solution, barium carbonate (BaCOg) white. (Compare 78 and 
19.) The precipitation is promoted by heat, and by ammonium hydrate, but 
is made slightly incomplete by the presence of ammonium chloride and nitrate. 

87. Barium Oarbonate— BaOOs — is a valuable reagent for special purposes, chiefly 
for separation of third group metals. It is used in the form of the moist precipitate, 




b must be thfiroughly washed. It is best precipitated from boiling solutions of cMo- 

Xide of barium, and carbonate of Bodium or ammoniuiii, waslied onca or twioii by diicanta- 
tioQ, tbeu hj filtration, till the washings no longer precipitate solution of nitrate of 
silver. Mixed with water to consistence of creBm, it may be preseryod for some time in 
Htoppered bottles, being shaken whenever required for use. When dissolved in hydro- 
chloric acid, and fully precipitated by Eulphurio acid, the Bltrate must yield no fixed 
residue. 

This reagent removes sulphuric acid (radical) from all sulphates in solution to which 
it b added (8M) : 

Na,SO, + BaOOj = BaSO^ -\- Na,00, 
WJien salts of non-iilkali metals are s^ decomposed, of course, they are left insoluble, 
^^oarboniites or hydrates, nothing remaining in solution: 
^k FeSO, + BaOO, = BaSO. + FeCO, 

H- Pe,(SO.), + 3BaOO, + 3H,0 = 3BaS04 -|- Fe.(OH], -|- SCO. 
^^ 51io ehloridea of the double triads of the third group, nameiy, aluiitinic, chromic, and 
ferric chlorides, are decomposed by barium carbonate j while the other mntala of the 
third group, zinc, manganese, cobalt, nickel, and u'on in ferrous combination, are not 
precipitated from their chlorides by this reagout. But tartaric acid, citric acid, sugar, 
and other organic substances, prevent the decompositions by carbonate of barium, 

88. Sulphuric acid (H,SOj, and all soluble aulphatgs, precipitate ia- 
rium stilphntc (BaSO.) white [77, 10, and 076], slightly snluhJo in hot con- 
oentrated sulphuric acid. Immediate precipitation by the (dilute) saturated 
solution of calcium sulphate distinguishes Ba from Sr (and of course from Ca); 
bat precipitation by the (very dilute) solution of strontium sulphate is a more 
certain test between Ba and Sr. 

89. Iformal ehromatea, as K^CrO,, precipitate barium salts (also, atron- 
tium salts iu soluiiotis not very ililute) ; the yellow precipitate, BaCrO,, being 
almost insoluble in water, slightly soluble in acetic acid, but soluble iu hydro, 
chloric and nitric acids, and moderately soluble in chromic acid.* (SrCrO,, 
also yellow, is a little more soluble in water than the barium salt.) Diehro- 
mates [as K^Cr.jOj precipitate barium, as normal chromate,/rom the acetate, 
in soltiliun iii)t dilute (but do not precipitate atrontium). 

80. Soluble phoBpliates, full metallic, or two-thirds metallic, aaNa^HPO,, 
precipitate larium phonphate, white, consisting of BaHPO, when the reagent 
is two-thirds metalljc, and Ba,(PO,)j when the reagent is full metallic. 

81. Oxalatea, as (ITHj^OjO,, precipitate barium from solutions not very 
dilute ; as BaC,0,, somewhat soluble in oxalic aud acetic acids. (Compare 
656.) 

92. Hydro-fluoailicio acid, H^SiF,, precipitates white, crystalline Ba 
SiP,, sliglilly soluble in water, not soluble in alcohol (distinction from Btron- ■ 
tium atiJ calcium). ■ 
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93. Solutions of iodates, as NalO,, precipitate, from barium solutions not 
very dilute, barium iodate, Ba(IO,)2, white, soluble in 600 parts of hot or 1,746 
parts of cold water (distinction from the other alkaline earth metals). 

94. Barium compounds impart to the flame a yellowish green color, which 
appears blue-green when viewed through green glass. 

95. The spectrum of barium is at cnce distinguished from all others by the 
green bands, Ba a, Ba y^ ; a bright baud also appears in the yellow and fainter 
bands in the orange red. 

STRONTIUM. 

96. The chloride is slightly deliquescent ; crystals of the nitrate and acetate 
effloresce. 

97. In solubility, most compounds of strontium closely resemble those of 
barium (84) — the hydrate being a little less soluble, and the sulphate and 
chromate more soluble in water than the corresponding barium compounds, 
and the siUco-fluoride quite soluble (see 77). The chloride is soluble, the 
nitrate insoluble in alcohol absolute. 

Strontium is identified, in the fourth group, after removal of barium, by 
precipitation with calcium sulphate solution (99) ; also, quite clearly, by the 
flame-color and spectrum (100, 101). 

98. By its deportment with carbonates, phosphates, and oxalates, stron- 
tium is not to be distinguished from barium; the differing reactions of the two 
metals with sulphates, chromates, and hydro-fluosilicic acid, are compared 
under the head of Barium. Strontium sulphate is soluble in 400 to 500 parts 
of 'concentrated nitric or hydrochloric acid. 

99. Saturated solution of calcium sulphate (CaSOj slowly produces a 
faint precipitate of SrSO^, prevented or dissolved by presence of hydrochloric 
and nitric acids, but insoluble in alcohol. It is almost insoluble in a conoen- 
trated solution of ammonium sulphate, which separates it from CaSO^. 

100. Strontium compounds color the flame crimson. In presence of bariuitt 
the crimson color appears at the moment when the substance, moistened with 
hydrochloric acid, is first brought into the flame. The paler, yellowish-red 
flame of calcium is liable to be mistaken for the strontium-flame. 

101. The spectrnm of strontium is characterized by eight blight bands, 
namely : six red, one orange, and one blue. The orange line, Sr or, at the red 
end of the spectrum ; the two red lines, Sr /? and Sr A, and the blue line, Sr s:, 
are the most important. 

CALCIUM. 

102. The chloride, bromide, iodide, nitrate, and chlorate are deliquescent; 
the acetate is efflorescent. 

103. The carbonate, oxalate, and phosphate, are insoluble in water; the 
hydrate, sulphate, sulphite, and iodatfe, are slightly soluble in water (77), but 
are insoluble in alcohol The chloride, iodide, and nitrate, are soluble in 



ipliol. The ferrocyauido is soluble; the potassio-ferrocyuiiide, insoluble in 

3 most often determined hy precipitation as oxnlate, after removal 

3 insoluble sulphates (107). 
'"104. The axed alkali hydrates precipitate cakiuiii hydrate, Ca(OH),, 
froni solutions uf calcium salts not vei-y dilute. The precipitate is less soluble 
insoliitinQ gl' potassium or sodium hjdrate, and more soluble in solution of am- 
monium hjdrate than in pure water. 

105, In iLeir deportment with soluble carbonatBH (prccipitntion of 
CSiCOj), und with alkaline phosphates (precipitation of CaHPO, or 
C»,(PO,)j}, solntions of calcium cannot he distinguished from solutions of 
strontiuiii and barium (86, 90), 

100, Sulphuric acid and soluble Bulphatee (not calcium sulplinte) pre- 
cipitate CaSO, from calcium salts, in moderately concentrated solutions, (77 
and 19), The precipitate is distinguished from barium and strontium sul- 
phates by dissolving in concentrated solution oS ammonium sulphate. 

107. Alkaline oxalates, as (ITHJ,C,0„ precipitate calcium oxalate, 
0aC,O„ from even dilnte solutions of calcium salts. The precipitate is scarcely at 
all soluble in acetic or oxalic acids (separation of oxalic from phosphoric acid), 
but is soluble in Aj(?rocA^ric and nitric acids. The precipitation is hastened 
by presence of amraoniam hydrate. Formed slowly, from very dilute solu- 
tions, the precipitate is crystalline, octahedral. If Sr or Ba are possibly 
present in the solution tested, an alkaline sulphate must first be added, and 
after digesting a few mimites, if a precipitate appears, SrSO,. BaSO,, or if 
die solution was concentrated, perhaps CaSO,, it is filtered out, and the oxalate 
then added to the filtrate (see 7i)9, last column). Observe the precipitate 
formed by ammonium oxalate in the reagent solution of calcium sulphate, 
lenition of CaO,0^ chaugca it first to CaCO,, then to GaO, giving alkaline 
reaction to test-paper. 

*" 103. Neutral alkaline sulphites, as ITajSOj, precipitate CaSO,, nearly 
insoluble iu water, soluble in hydrochloric or nitric acid, and in sulphurous 
acid. This reaction is common to the alkaline earths. 

109. Alkaline arsenites precipitate, from neutral calcium solutions, cal- 
cium arseuile, CaHAsOj, soluble iti acids and in ammonium hydrate. The 
precipitate forms slowly. Other alkaline earth metals are not precipitated by 
arsenites, unless in concentrated solutions. 

110. Compounds of calcium, preferably the chloride, render the flame yel- 
hwish red. The presence of strontium or barium obscures this reaction, but 
a mixture containing calcium and barium, moistened with hydrochloric acid, 
^ves the calcium color on its first introduction to the flame, 

111. The speotriun of ealeium is . distinguished by the bright green line, 
Ca y9, and the intensely bright orange line, Ca a, near the red end of the 
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112. The chloride, bromide, iodiile, chlorate, nitrate, and acetate (4 
are deliquescent ; the sulphaie (7 aq.), slightly efflorescent. 

113. The hydrate, carbonate, phosphate, a-uA ajseniate, are inaoluble in 
water; the sulphite, oxalate, and tartrate, spai-ingly soluble; the uhroniatej 
soluble. The hydi'ate and carbonate are soluble in ammomuin salts — except 
ammonium phosphate— (114, a). 

Magnesium is mostly deteimined, by precipitation 
n phosphate, aller removing all carbonates insolubli 
jolution (117). For closer exclusion of barium and calcium, see 122. 

114. The fixed alkali hydrates and the hydrates of barium, strontium^ 
J^d calcium, pi-ecipitatc, from ciikiurn salts in solution, mogrtesium hydrais, 

Iffg(OH)^, nearly insoluble in water, but soluble in ammonium chloride or buI, 
►|lhate (ei'iiiatiou a). 

AmmoTiium. hydrate precipitates half the magnesium aa a hydrate, leav- 
^llig the other half in solution aa a double salt uf magnesium and ammo- 
luium (ft) : 

!. MgtOH), + 4NH,01 
I. 2MsSO, -I- 3NH.OH = 

116. Ainmonium sulphide forms 
f the fixed alkali metals — as K,CO, 



-Mg,(CO,),(OH)„ 

Fin the forinallon of this 



(KH.01),MgCl, + 2NH.0H 
Ms(OH)] -f (NH.),SO,MgSO. 

no precipitate. The normal Caj-bonatM 
—precipitate magnesium basic carbonatt 
I Mg,(CO,).(OH),. Carbonic acid is liberated 



;,(COi).(OH}, + CO.. + 4Na,SO. 
with another portion of MgCO,, I' 



■ MgO0,.OO, + 5Na,BO. 
as MgCO, with escape of 



IdMgSO, + 4Na,aO, -|- H^O 

But iu the cold the free CO, combines with ant 
a a soluble s upe rear hon ate ; 
BMgSO, -f 5Ha,aO, + H,0 = Ms,(CO,)s(OH), 
On boiliu;;, the superearbonate is precipitated 

Ico,. 

116. Ammonium carbonate scvircely precipitates magnesium salts, except 
tin concentrated solutions, owing to the formation of a soluble double carbonate 
Bgf magnesium and ammonium : 

tagBO, -f 3(NH,),00, = MgOO,(lIH0.OO, + (NH,)sSO, 

117. Alkaline phonphates — as Wa^HPO, — precipitate ^nagiiesium phos- 
P J)7iafe, MgHPO,, if the solution be not very dilute. But even in very dllut? 
r aolutions, by the further addition of ammonium hydrate (and IfH.Cl), i 
[ (alline precipitate is slowly formed, viagnesiutii ammonium j 
kVglTHjPO,. Stirring with a glass rod against the side of the ti'St-tube 

motes the preeipitation. The addition of ammonium chloride, in this test, 
;nl3 formation of any precipitate of iiiagnesium hydrate (114,5), The 
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Magnesium. 43 

precipitate dissolves in 15,000 parts pure water, or in 44,000 parts of water 
containing ammonium hydrate. 

118. Alkaline arseniates — as Na^HAsO^ — act with magnesium salts in 
all respects like the phosphates, giving corresponding precipitates, 

119. In the dry way, the only characteristic test for magnesium is the 
2iale rose color, obtained by igniting, then moistening the compound with solu- 
tion of cobalt nitrate, and again igniting strongly on charcoal. The color is 
more apparent on cooling, is not intense, and is prevented by presence of many 
other bases. The spectrum of magnesium, as well as the spectra of most of 
the metals yet to be described, cannot be obtained by means of the flame, in 
which their compounds are not volatile. To obtain them, recourse must be 
had to the electric spark. 
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SEPARATION OP THE FOURTH GROUP METALS. 

121. Barium, strontium, calcium, and magnesium, may be completely precipitated 
together, either as carbonates or as phosphates ; but a precipitate of phosphates would be 
intractable in further operations, owing to the difficulty of removing the non- volatile 
phosphoric acid. Hence, they are precipitated as carbonates, and this could be done by 
any alkaline carbonate ; but the necessity for subsequent examination for fixed alkali 
metals restricts us to ammonium carbonate. Now, this reagent but imperfectly preci- 
pitates magnesium (116); and from this difficulty, and also because magnesium is more 
easily separated from alkali metals than from other alkaline earth metals, the ordinary 
scheme of separation provides for the precipitation of Ba, Sr, and Oa, by ammonium car- 
bonate in presence of ammonium chloride, so as to leave Mg either with the fifth group, 
or as a distinct division of the fourth group. 

122. The precipitation of barium, strontium, and calcium, by ammonium carbonate 
in the presence of chloride, is not as complete as would be desirable in very delicate 
analyses. For the carbonates of barium, strontium, and calcium are all slightly soluble 
in ammonium chloride solution ; and while the prescribed addition of ammonium hydrate, 
and excess of ammonium carbonate, greatly reduces the solubility of the precipitated car- 
bonates, yet even with these the precipitation is not absolute, though more nearly so with 
strontium than with barium and calcium. Thus, in quantitative analyses, if barium and 
calcium are precipitated as carbonates, it must be done in the absence of ammonium 
chloride or sulphate, and the precipitate washed with water containing ammonium 
hydrate. 

123. But a more accurate precipitation of barium is effected by sulphates, alid of cal- 
cium by oxalates, and these tests may be applied to portions of the filtrate from the pre- 
cipitation by carbonates, or of the liquid that has given no precipitate by carbonates. 
Also, the complete removal of barium and calcium is not only a test for traces of these 
two metals, but it enables us to accept a slight precipitation of phosphate afterwards as 
conclusive evidence of the presence of magnesium (unless lithium be present). This pre- 
cautionary work, done after the ordinary work for barium, strontium, and calcium, may 
be tabulated as follows : 

Divide the filtrate from the fourth group into three portions. 

Teat in T. for Ba with a drop of HaS04, leav- Test in II. for Ca with (NH4)2C204, leaving 

ing some time. some time. 

If both Ba and Ca apx)ear, mix I. and II. ; let the mixture stand ; filter and test the filtrate for Mg* 
by ll'aaHF04 and NH4OH 

If either Ba or Ca appears, filter it and test the filtrate for Mg*. 
If neither Ba nor Ca appears, test portion III. for "S/Lg. 

124. The solution of calcium sulphate can be used to distinguish between barium, 
strontium, and calcium (88, 99, 106), provided that but one metal of the group is present, 
and that the solution be at least moderately concetiiratedy and not notably acid, 

126. The unlike solubilities in alcohol, of the chlorides and nitrates of barium, 
strontium, and calcium (84, 97, 103) enable us to separate them quite closely by absolute 
alcohol, and approximately by '* strong alcohol," as follows : 

Dissolve the carbonate precipitate in HCl, evaporate to dryness on the water-bath, rub 
the residue to a fine powder in the evaporating dish, and digest it with alcohol. Filter 
through a small filter, and wash with alcohol. 
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FiliraU SrOl, and OaOh. 




EvspoTBte Co di7n»". clinsolve la water, chanei: lo DiCrstra by pee- 
clpltsUng wlib (IIH,),CO,. u-si^hlng. and diwwlvlng in HITOii ' 
Kvaporaw the nitrntes to drjTioaB, powder, digest with aLeohol, lUWr 
uid wash with alcohol. 



Smdiie, 8r(HO.)<. 

Prmlpilstlon hy Ca,SO, In 



Fillrate. Ca(NO.)». 



126. Or, the alooliolio filtrate of SrOlg and CaOli may be precipitated with (a drop 
[) sulphuric acid, the precipitate filtered out and digested witli solution of (NHi)i80i 

1 a little NHiOH (106). Residue, SrSO.. Solution contains OaSO,, preeipitoble 
f oxalates. 

127. ApproxiinatB separation of hariura and strontittm from ealciiim may be effected 
n of their carbonates at a white hetit for a fen minutes, on platinum foil. Ba- 

□ and strontium become caustic sooner than calcium (81), and hence dissolve yrbsa 
s treated with water. This operation is sometimes resorted to in obtaining 
a of barium and strontium, which are obscured by ranch caleium. 

\ SEPARATION OF MAGTrBSlUM PBOM THE ALKALI METALS. 

12B. By ignition on platinum foil, magnesium compounds do mit vaporize, as do those 
ir melt, as do raany compounds of fixed alkalies (88). Magnesium is the 
le of these metals praoipitated by ordinary salts — viz., by ■phonphates, (Carbonates 
d hydrates. 

129. The presence of magnesium slightly impairs the delicacy of the flame-te»l for 
le filed alkali metals, and entirely prevents their recognition or separation by precipitft- 

Phosphate of ammonium will remove magnealiim from solution ; but. after ev»- 
rating the filtrate and igniting its residue, the phosphoric acid remains — combined wiQi 
le fixed alkali metals, if they are present. Thus : 
I {HH.)sHPO, {excess of reagent), ignited = HPOi + 3NH, ' -\- HjO, and 
; 9(NH.),HPO. + 4K01, on ignition = H,PsO, + 4NH,C1 + H.O 
frhe residua! phosphates of the alkali metals, when moistened with hydrochloric acid, give 
the flame-tests, but the residue of phosphoric acid obstructs the analysis. The phos- 
phoric acid may he removed by acetate of lead, and the esce'sa of lead by hydrosulphnrio 

130. A more convenient method of removing magnesium is to precipitate it with wo- 
lutlon of barium hydrate, and filter, and remove the excess of barium hydrate from the 
filtrate by addition of sulphuric acid, filtering again. 
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181. The Metals of the Earths, and the more Electro-FoaitiTe of Hie 
Heavy MetaU. 
. , , Al = 27.3 Al,"' 
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Iron .... Pe = 55.9i^®' In ferrous compounds. 

(Pe/^ " ferric <« 

fMn" ** manganous *« 
I Miig^ " manganic ** 
Manganese . . Mn = 54.8 ^ Mn^ " pyrolusites. 

Manganic acid, H^Mn^'O^ 
Permanganic acid, HgMiigOg or HMnO^ 

Cobalt . . Co = 58 6 i ^°" ^" cobaltous compounds. 

(Co/^ " cobaltic " 

Nickel . . . Ni = 58.6 Ni" 

Zinc . . . Zn = 64.9 Zn" 

Uranium Ur = 240.0 Ur"" and Urvi 

Indium . . . . ' In =113.4 Ina^i and In"" 

Beryllium Be = 9.0 Be" 

Thorium Th = 231.5 Th"" 

Zirconium Zr = 90.0 Zr"" 

Cerium Oe = 141.3 Ce'" and Ce"" 

Lanthanum La = 139.0 La"' 

Didymium D = 145.0 ID" 

Titanium Ti = 48.0 Ti", Ti^vi, and Ti"" 

Tftiitahim Ta = 182.0 Ta^ 

Niobium Nb = 94.0 Nb^ 

Yttrium Y = 93.0 Y"' 

Erbium B = 169.0 B"' 

Vanadium . . V = 51.2 V"' and IT 

132. The metals above named gradually oxidize at their surfaces in the 
air, and their oxides are not decomposed by heat alone. Zinc, iron, cobalt,, 
nickel, and, with more difficulty, manganese, chromium, and most of the other 
metals of the group, are reduced from their oxides by ignition at white heat 
with charcoal. They are all reduced from oxides by the metals of the alkalies. 
Iron is gradually changed from ferrous to ferric conibinations by contact with, 
the air. Chromium and manganese are oxidized from bases to acid radicals by 
ignition with an active supply of oxygen in presence of alkalies ; these acid> 
radicals acting as pretty strong oxidizing agents. 

133. The oxides and hydrates of third group metals are insoluble in water,, 
hence they are precipitated from all their salts by alkalies. In the case o^ zinc, 
the precipitate red issolves in all the alkalies ; the alumi7iium hydrate redis- 
solves in the fixed alkalies, but very slightly in ammonium hydrate ; the preci- 
pitate oi chromium redisssolves in cold solution of fixed alkalies, precipitating 
again on boiling ; the hydrates of cobalt and nickel dissolve in ammonium hy- 
drate. The oxides of Al, Cr, and Pe, afler ignition, are difficultly soluble by 
acids. 



48 The Metals of the Third Group, 

The presence of tartaric acid, citric acid, sugar, and some other organk 
substances, prevents the precipitation of bases of this group by alkalies. 

134. Salts of ammoniuin (as NH^Cl) dissolve moderate quantities of the '^ 
hydrates of manganese, zinc, cobalt, nickel, and ferrous hydrate ; but, so far 
from dissolving the hydrate of aluminium, they lessen its slight solubility in 
ammonium hydrate. 

135. It thus appears that ammonium hydrate, with ammonium chlo- 
ride, the latter necessary on account of magnesium, manganese, aluminium, 
will fully precipitate only aluminium, chromium, and ferricum of the impor- 
tant metals named in third group. In many plans of separation these three 
metals constitute a separate group, and we shall refer to them as Division First 
of the group. 

, 136. Ammonium sulphide precipitates all the metals of the third group 
from neutral or ammoniacal solutions, as follows ; The sulphides of the group 
— those of Pe, Mn, Co, Ni, andZn — are soluble in dilute acids, which acids 
keep them in solution during the second group precipitation ; but are insoluble 
in water, which enables them to be precipitated by alkaline sulphides, and 
separated from the fourth and fifth groups. The other two metals, Al and Or, 
do not form sulphides, in the wet way, but are precipitated as hydrates by 
alkaline sulphides. 

137. Hydrosulphuric acid scarcely precipitates the metals of this group, 
unless it be from some of their acetates — owing to the solubility of the sul- 
phides in the acids, which would be set free in their formation. Thus, this 
change cannot occur — 

FeOla + HaS = FeS + 2H01 

— because the two products would decompose each other (19). Therefore, 
neutralized hydrosulphuric acid — a soluble sulphide — is employed for this 
group, and in a neutral or ammoniacal solution. As most of the chemically 
normal salts of heavy metals have an acid reaction to test-paper, we can only 
assure ourselves of tHe requisite neutrality by adding sufficient ammonium hy- 
drate, which itself precipitates the larger number of the base^, as we have just 
seen (133). But the resulting precipitate of hydrate, as Pe(OH)2, is immedi- 
ately changed to sulphide, PeS, by subsequent addition of ammonium sulphide ; 
as the student may observe, by the alteration in the color of the precipitate. 

Ferric and manganic salts are reduced to ferrous and manganous salts, by 
hydrosulphuric acid, in solution, with a precipitation of sulphur, and the cor- 
responding reaction occurs with chromates (171 a, 214, 166 a). 

138. Soluble carbonates precipitate all the metals of tliis group, in ac- 
cordance with the general statement for bases not alkali. With aluminium 
and chromium, the precipitates dissolve sparingly in excess of potassium or 
sodium carbonate ; with zinc, the precipitate dissolves in excess of ammonium 
carbonate. In the case of ferrous and manganous salts, the precipitates are 
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mal carbonates; with zinc, cobalt, and nickel salts, they are basic car- 
es; while, with ferric, aluminic, and chromic salts, the precipitates are 
it or quite Vholiy hydrates. Barium carbonate precipitates the pseudo- 
, which, in the cold and from salts ntit Bulphatea, is a separation Irom the 
bases of this group. 

18. Soluble phosphates precipitate these as they do other non-alkali 
The acid solutions of phosphates of the metals of the third group are 

loipitated by neutralization. Tho recently precipitated phosphates, of all the 
s of this group which form sulphides, are transformed to sulphides by 

monium sulphide : 



FgHFO, 



(NH,),S 



(NH,):HPOh 



[ Hence, the only phosphates which may occur in a sulphide precipitate are 
e of Al, Cr, Ba, Sr, Ca, ajid Mg. 

140. The metals of the third group are not easily reduced from their com- 
pounds to the metallic state by ignition before the blow-pipe, even on char- 
coal, except ziuo, which then vaporizes. Three of them, how ever — iron, cobalt, 
and nickel — are reducible to magnetic oxides. The larger number of them 
give characteristic colors to beads of boi-ax and of microcosmic salt, fused on 
alonpof plfitinum wire before the blow-pipe. None of them color the flame 
or give spectra, unless vaporized by a higher temperature than that of Buusen's 
burner. 

ALUMEKIUM. 

141. A silver-white metal, somewhat harder than zinc, fusible at 700° C. 
(1292" ¥.), non-volatile, and suffering only superficial oxidation by ignition in 
the air. 

142. The metal is readily soluble in hjdrochloric acid and in aqueous fixed 
alkalies, with evolution of hydrogen (compare 233 5), but it is not readily dis. 
solved by nitric acid, or dissolved by sulphuric aeid, or by ammonium hydrate. 
The anhydrous aluminium oxide dissolves with difficulty in acids, unless pre- 
viously fused with alkalies or alkaline carbonates. Sulphuric acid dissolves 
aluminium from some native compounds. 

143. The chloride and bromide are deliquescent and instable. The iodid© 
is known only in solution, the cyanide is not known, the acetate is deliquescent. 
Aluminium is the most representative constituent of that large class of iso- 
morphons double salts, called alnma, permanent or slightly efflorescent, as 
KAl{SO,),.]2 ag., orK,Al,{SOJ,.24ff5. 

144. The oxide, hydrate, and phosphate, are the principal ingolnble com- 
binations. The carbonate and sulphide arc instable, and are not formed by 
ordinary operations. Most insoluble salts of aluminium are changed to soluble 

mpomids by action of 'fixed alkali hydrates. In analysis, aluminium ia ob- 
II the First Division of Group III, by precipitation, by excess of ammo- 



1 hydrate, with ammonium cliloride (135) ; then separated fi'om the other 
bcmberd of the First Oivisiotv by solution with exc<;ss of potassium or sodium 
rdrate (145). Excess of fixed alkuii hydrate in boiling soluiion leaves ouly 
umininin and zinc, of the third group metula, dissolved, and it is separated 
II zinc, by nun-precipilalion with sulphides, and by precipitation with exoesa 
mmoninm hydrate. 
145. The alkali hydrates precipitate ff/MTRiMi'wwi A^rfrnif, grayish-white, 
' gelatinous, A1,{0H)„ snjuhle in jUced alkali hydrates, slif^htly soluble in am. 
njouium hydrate, though not so if ammonium chloride be present (134) ; 
Al,OI, -f eSOH = Al,(OH), + SKOt 

Al,(OH). + SKOH = KiAliOj* + 4H^0 

L This alkaline solution of aluminium differs from that of zinc, both in not 
being at all precipitated by boiling, and in being precipitated by excess of 
ammonium chloride, more readily when heated: 

K,A1,0, + 8NH,01 + 4H,0 = Alt(OH). + SHOl + 3NH.OH 
Sufficient ammonium chloride must be added, first to salify the &ee putaa^ 
liuoi or sodium hydrate. 

I4fl. HydrOBulphuric acid does not precipitate aluminium from any 
wmbination ; but ammonium sulphide precipitates the aluminium- hydrate, 
1,(0H)„ with evolution of hydrosulpburic acid (136) : 
a,(SO,)i + 3(NH0.S + (iH,0 - AI,(OH), + 3(NH.),SO, + 3H,a 

147. Alkali carbonates also precipitate the hydrate, with evolution of car- 
inhydride — the precipitate being sparingly soluble in excess of sodium 
' potassium carbonate, scarcely at all soluble in excess of ammonium oar- 
■bohate : 



lAl,(SO.), 4- 3E,00i 



Al,(OH), 



ZjSO. + 300i 



h SB.,0 

n digestion in the cold, precipitates the wh"le of alu- 
as hydrate mixed with a little basic salt (coi&pare 



Barium carbonate, o 
.inium from its chloride, 
|181). 

Basic acetate of ahiviinium is precipitated as follows : To the aolntion of 

ium salt add a little sodium or ammonium carbonate, as much as can 

a added without leaving a precipitate on stirring, then add excess of sodium 

f 'Or ammonium aoetate, and boil for some time, when the precipitation at 

length becomes very nearly complete. 

148, Alkali phosphates precipitate aluminium phosphate, white, Al,- 
(PO,)„ soluble in the fixed alkali hydrates, not in acetic acid. 



• Or Al,O,(0E),. A seriee of Tolnmetilc detennlnsHonH, made hy Mr. J. N. Ajrea and thi 
(lAw. Am. Chan. Soe., Feb., ISSO), give icaalu BfcordlDg cIckpIj nith this ronnalB for potas^i 
mjnale. and Na^&liOi for eodlam aLumlnaU— u fixed by tbc cocetllueoU of tbe EOlatUma wbfu U 
'.pitat«a arc beld dissolved bf leaat eicBBa of alkali. 



rmfpora/e Al/;'om PO,, fuse Ihe precipitiite or powdered substance with IJ^ parts 
flnelj divided eilioa and 6 purt.'^ dried Bodium oRtbonate in a platinum cnic;ible, Tor half 

"^ an hour. l)igest tl^e mass for some time in wuter ; add ammonium carbonate in excess, 
filter and wash. The residue consists uf aluminium sodium silicate ; the solution coa- 
tains Ihe PC, as sodium phosphate. Tiie JU uon bo obtained from the residue by dLs- 
Bolving it in hydrochloilQ acid, oraporatin^ to dryness to render tho silica insoluble. 
Trent with hydrochloric ncid, and filter ; the flltrste contaiiiing nliimimum chloride. 

Also, Al (and terricuin) may be separated from POi by dissolving in hydroohlario 
acid, adding tartaric acid and then ammoiiia, and digesting some time with the mixture 
of magneBium sulphate, ammonium chloride, and ammonium hydi ate. The Ultrate 
oontains most ii[ thn uliimiiihim. 

149. Sodium thiosulphate precipitates, from aluminium salts, in neutral solutinns. 
alumimtim kydrate, with free sulphur, and liberation of sulphurous anhydride (n). The 

I liquid should be dilute, and boiled till it no longer gives the odor of sulphur dioxide. 
This predpi1a,iion (Chancel's) is a separation from iron. See Table at 24S!i. If phos- 

, phates are present, and sodium acetate with acetic acid to acidify slightly, the uUiminiuiD 
ia precipitated a& pTtospltale. I 



. Al,(aO,), + SNajSjOs 4- 3H,0 - Al,(OH), + 3 



- 3Na,SO, 



PotasEium ferrocyanide very slowly precipitates a white mixture of altmtinium hy- 
drate and ferrous cyanide with formation of hydrocyanic acid. Perrieyanides do not pre- 
cipitate aluminium ; neither do oxalates. Solution of borax precipitates nn acid alami- 
niiun bonite. quickly changed to alummium hydrate. In very concentrated solutions, 
Siddition of potassium sulphate causes the crystallization of alum, potassium, dlumittium 
aulphale, in regular octahedrous or cubes. 

150. Compounds of aluminium are not reduced to the motal, but most of 
them are reduced to the oxide, bj ignition on charcoal. If now this residue is 
moistened with solution of cobaltous nitrate, nnd again strongly ignited, it 
assumes a l>hie color. This tost is conclusive only with infusible compounds, 
and applicable only in absence of colored oxides. 
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CHBOMIUM, AS A BASE. 

. Chromium, in the metallic state, is steel-gray, crystallizable, perma- 

iin the air, and is very rare. Chromic oxide, Cr,Oj, is a bright green 

powder, constituting a rare variety of " chrome green," the more common sorts 
being mixtures of chromate of lead (chrome yellow) and ferrocyanide of iron 
(prussian blue). It is with difficulty disBolved by hydrochloric and sulphuric 
acids. Ohromie hydrate is easily dissolved by acids. In several respects 
the coitibinatioUB of chromium are annlogoua to those of aluminium. 

152. There are two mod ificiit ions of chromic salts, one having a green color 
and the other violet to red. There are many double salts. The chloride is 
deliquescent. 

153. Chrovnie oxide, hydrate, and phnsp/iate, are insoluble in water. The 
oarboniUc and sulphide are not formed in ihe wet way. Thei'o are modifioa- . 
tions of the chloride and sulphate insoluble in water. In analysis, chromiuia J 



52 Chromium, as a Base. 

is precipitated in the third group as a hydrate, and identified by the oxidation 
of this hydrate to a salt of chromic acid, known by its colored precipitates with 
lead and barium salts (159 c?). It is separated in the First' Division of the 
group (135 and 154). 

154. The fixed alkali hydrates, as KOH, precipitate the bluish-green 
chromic hydrate, Or^iOH)^. Other hydrates are formed in certain conditions. 
The precipitate redissolves readily in excess of the alkalies while cold, the so- 
lution being green. 

Long boiling reprecipitates the whole of the chromium, as hydrate ; the 
same result is effected on heating by addition of ammonium chloride (compare 
145, last equation). 

Ammoniuin hydrate precipitates chromic hydrate, which but slightly re- 
dissolves with excess of the alkali in the cold and all j-eprecipitates readily on 
heating. The precipitate from solutions of green chromic salts is grayish 
green, dissolving with acids to form a green solution again ; from solutions of 
violet chromic salts, the precipitate is grayish-blue, dissolving with acids to 
reproduce the violet solution. The tints are, however, modified by the degree 
of concentration of solution, and by other conditions. 

155. Hydrosulphuric acid does not affect solutions of chromic salts, 
whether acid, neutral, or alkaline ; and ammoniuin sulphide precipitates the 
hydrate, with evolution of hydrosulphuric acid. The equation corresponds to 
that for aluminium (146). 

Both hydrosulphuric acid and ammonium sulphide, acting on Chromic 
Acid or chromates, abstract oxygen, and form the chromic base. In the neu- 
tral solution for the third-group precipitation, this deoxidation leaves the chro- 
mium in the precipitate as a hydrate ; whence it is that the occurrence of chro- 
mium in the third group of bases, as frequently as otherwise, must be referred 
to the existence of combinations of chromic acid, in the material examined. 
(See 166 a,) 

156. Alkali carbonates precipitate chromium hydrate, nearly free from 
carbonate (138), somewhat soluble in excess of potassium or sodium carbonate : 

Ora(S04)8 + SKaOOa + 3HaO = Cr^iOH)^ + SKaSO* + SCO, 

Barium carbonate precipitates chromium from its solutions (better from the chloride), 
as a hydrate with some basic salt, the precipitate being complete after long digestion in 
the cold. For removal of excess of reagent, consult 191. 

157. Soluble phosphates — as NaaHP04-jprecipitate chromic phosphate, Ora(P04)a, 
insoluble in acetic acid. Cyanide of potaJTium precipitates the hydrate. Perrooy- 
anides, and oxalates, cause no precipitates. Potassium chromate colors an acid solu- 
tion of chromic salt brown-yellow ; on addition of ammonium hydrate, a precipitate of 
the same color is obtained, chromic chromate. 

158. Chromic oxide and chromic salts dissolve in beads of microcosmic 
salt, and of borax, before the blow-pipe, in both reducing and oxidizing flames, 
with a yellowish-green tint while hot, becoming emerald green when cold. 



Chromic Acid. 53 

159. Chromic oxide and chromic salts are OXIDIZED TO CHROMIC 
ACID and cliromatea Ijy various strong oxidizing agenta : By treating wiih 
bromine, in alkaline solution, (a) ; by boiling' wldi hypochlorites in alka- 
line solution, (b) ; by boiling with lead dioxide, (c) ; by fusing with alkaline 
nitrate and ciirbonale {d). Further, see S50, ' 

a. Or.j(OH), -[- GBr + lONaOH = 2Na,OrO, + SNaBr -|- SH/> I 

6. Ora(OH), + 4NaOH + SNaOlO = 3Na,CtO. + 3NaOl + 5H,0 \ 
e. Orj(OH), -f SKOH + SPbO, = 3PbOrO, + KjPbO, -|- 4H.0 
The yellow lead cliromate is separated after neutralizing with acetic acid. 
d. Cr,Oi + SNaNOs + Na,CO. = 2Na-CrO. + 2NO + ( 
The fusod mass, dissolved iu water, filtered and neutralized with acetic acid, gives ttwj 
BTideuces of chromates, as stated in ICd, 1(14. 

»CHEOMIC ACID. 
160. Chromic anhydride, CrO^, cunimonly called "chromic acid," 
scarlet-red solid, usually iu acieuiar crystals, very deliquescent in the b 
soluble in a small proportion of water. It is a very powerful oxidizing a 
acting explosively with combustible substances, and as a caustic to living tj 
sues. Its soluble salts are poisonous, and have a bitter metallic taste. 

161. The alkali metals form yellow normal ohromates and reddi 
dichromatas ; most other me tala form normal chromates. yellow or red; 
few form only basic or instable chromates. Most soluble salt? of ohrom 
crystallize in permanent forpis; sodic normal ehromate is efflorescent. 

162. All the chromates-of the alkali metals, and those of magnesium, cal- 
cium, zinc, and copper, are soluble in water; strontium and mercuric chro- 
mates, sparingly soluble ; barium, manganous, bismuth, mercurous, silver, and 
lead, chromates insolable in water. Nitric acid transposes chromates. 

163. Iiead salts precipitate, from normal and from superchromates, the 
yellow, Je"d rhrnmate, FbCrO,, slowly soluble iu nitric acid, not soluble in 
acetic acid, difficultly soluble in potassium hydrate, 

164. Barium salts precipitate from solutions of normal chromates, also 
from concentrated selulions of superchromates, the nnnna! barium ehromate, 
yellow, soluble iu hydrochloric and nitric acids, slightly soluble in chromic 
acid (89). 

166. Silver aalta precipitate silver mromale, AgiQrOi, dark red, soluble in nitric 
acid and m mninonia. Merourona nitrate precipitates merenrous ehromale, Hg'iOrOi, 
dark red, decomposed bj ignition into chromic oxide, osygen, and vapor of mercury. 

168. Chmmic anhydride and chromates are DEOXIDIZED TO CHROMIC com- 
ponnds by various reducing agents. The following instances oconrfrequently in qualita- 
tive analysis ; other esamplea are given, in the stndy of Chromate reductions, 857. 

Hydrosulphurie acid, in acid solutions, qnickly causes reduction to a green chromic 
salt solution (u). At first the sulphur is all precipitated, white in tho green liquid ; but on 
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warming, it slowly dissolves by oxidation to sulphnrons acid, with precipitation of brown 
basic chromic chromate (ft), the action being continued, with slow oxidation of the sulr 
phurous acid {c) [H. B. Pai'sons]. Ammonium sulphide, in solutions neutral or alkaline, 
precipitates chromic hydrate^ green, with oxidation of . the sulphide. The precipitate is 
liable to contain sulphur. In case of yellow or supersulphide of ammonium, it is stated 
that thiosulphate is obtained in the solution {d), 

a. 2HaOr04. + 6H01 + 8HjS = OrjOle + 38 + &HaO 

h, 6HaOr04 + 88 = gOraOaOrO* + 3Ha80a + 3HaO 

c. 2HaCr04 4- 3Ha808 = Ora(804)a + 5HaO 

d, KaCraOT + (NH4)a8a + 4HaO = Cra(OH)0 + Ka8a09 + 2NH«OH 

4 

167. By ignition on charcoal, the carbon deoxidizes chromic anhydride, free 

or combined, and a green mass, Cr^Og, is left. Chromates give, in the beads, 
the results described for chromic base, in 158. 

IRON. 

168. Iron dissolves, in hydrochloric acid, and in dilute sulphuric acid, to 
ferrous salts, with liberation of hydrogen (a) ; in moderately dilute nitric acid, 
with heat, to ferric nitrate, liberating chiefly nitric oxide {h) ; in cold dilute 
nitric acid, forming ferrous nitrate with production of ammonium nitrate (c), 
of nitrous oxide (d)y or of hydrogen (e) : 



a. Fe 


+ 


Ha804 = 


Fe804 


+ 


2H 






b. 2Fe 


+ 


8HNOa = 


FeaCNOs). 


+ 


2NO 


+ 


4HaO 


c. 4Fe 


+ 


lOHNOa = 


4Fe(N08)a 


+ 


NH4NO8 


+ 


3HaO 


d.ATe 


+ 


lOHNOa = 


4Fe(N08)a 


+ 


NaO 


+ 


5HaO 


e. Fe 


+ 


2HN08 = 


Fe(N08)a 


+ 


2H 







In dissolving the iron of commerce in hydrochloric acid, the carbon which 
it always contains, so far as combined in the carbide of iron, will pass off in 
gaseous hydrocarbons, and so far as uncombined will remain undissolved, as 
graphitoid carbon. 

169. Iron acts as a base in two kinds of salts : the ferrous and the ferric ; 
both are stable, in considerable variations of temperature, when undisturbed 
by other substances ; but the ferrous compounds are changed to ferric by con- 
tact with the air, and by oxidizing agents generally ; while the ferric com- 
pounds are permanent in the air, but are changed to ferrous combinations by 
reducing agents, [n the systematic course of analysis, by the treatment neces- 
sary in separation from other metals, the ferric compounds are reduced to 
ferrous compounds, and then, by air and by reagents, partially or wholly 
'Changed to ferric compounds again, and the Original substance must always be 
tested for determination whether ferrous or ferric. The metal oxidizes in moist 
•air to ferric oxyhydrate, 'FejO^{0'EL)^. By ignition in the air, chiefly ferrous 
oxide is formed. Scale oxide is (TeO)^efi^, By fusing ferric oxide with 



potaashim nitrnte, there is Airmed pcitassiiiin ferrate, K,Fe^'0,, soluble in 
■water, iiiBtiible, but ciipublB of precipitating a permanent barium ferrate. 

170. FKKKOUS COMPOUNDS ARE OXIDIZED to ferric couipoundB 



"bjr nearly nil oxidiemg agents, snch as chlorine, calcium hypochlo 
Bium chlorate with hydrochloric acid (a) ; bromine (J) ; nitric a< 
silver nitrate (836) ; chromates (857) ; permanganates (199 J) ; i 
ride (475). Furtlier, sec 854. 


rite, potas- 
.id (8H); 
luric chlo. 


a- SFeCIa + 2C1 


Fb,01, 




6Fe80, -i- OCl 

SFeSO. + 2C1 

_ 6. SFeOli + 3Br 


= SFe;(SO,), + Fe,01„ 

-\- H=SO. = Fe,(BO,)a + 

+ -2Hai = FbsOI. + 


2H01 
SHBr 


1 Ferrous salts, therefore, i 


ire reducing ai/enls of considerable power. 





171. FERRIC COMPOUNDS ARE DEOXIDIZED by many reduo- 
ing agents — as hydrosulphuric acid (a) ; sulphurous acid (5) ; thiosulphates 
(c); stannous chloride (d) ; metallic zinc (e). The eame occurs in precipita- 
lion by ammonium sulphide (187). Grape sugar effects the rednction on boil- 
ing for some minutes. Fur a stuJy of the reduction of ferric compouuds, see 
855. 



I 






a. Fe,ca, 


+ 


H.B = aFeClj 


+ 


2H01 


+ 


s 


6. re,Cl, 


+ 


B,90, + H,0 


= 


FoBO, 


4- 


FeOl, + 4H01 


A Fe,OI» 


+ 


2Na.jSjOs = SFeCl, 


+ 


SNaCl 


+ 


Na-iS.O. 


d. Fe.Cl. 


+ 


SnOIj = aFeCl, 


4- 


BnOl. 






e. Fe,(SO.): 


. + 


Zn - SFeSO. 


+ 


ZnSO* 






Fertic salts, 


then, 


act as oxidizinq aqentt of modorati 


■i power. 







172. FEBEOTTS salts, in crystals and in solution, have a light green color. 
The oxiJe is black ; the salts slightly redden litmus. The sulphate (7 uq.) is 
efflorescent ; the chloride, hromide, iodide, and citrate, are deli^ae scent ; the 
hydrate, chlorate, and sulphite, are especially instable. 

173. The hydrate, oxide, carbonate, sulphite, phosphate, borate, oxalate, 
cyanide, fej-ro cyanide, fn'ricynnide, tartrate, and tannate, are insoliible in 
water. In analysis, ferrous compounds are identified as ferrous, by their blue 
precipitate with ferricyanide (178); and, as iron, by the red solution which, 
after oxidation, they form with sulphocyanate. 

174. The alkali hydrateB precipitate ferrous hydrate, Fe(OH)„ white 
if pure, but seldom obtained sufficiently free from ferric hydrate to be clear 
■white, and quickly changing, in the air, to ferrnso-farric hydrate, of a dirty- 
green to black color, then to ferric hydrate (184), of a reddish-brown color. 
The fixed ftikaliee adhere to this precipitate. Ammonium ctiloride or aul- 

late, to A slight extent, dissolves the ferrous hydrate or prevents its formation 
iDBipare 134). 
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175. The soluble carbonates precipitate, from purely ferrous solutions, 
ferrous carbonate^ PeCO,, white if pure, but soon changing, in the air, to the 
reddish-brown ferric hydrate (184), 

176. Hydrosiilphiiric acid does not disturb ferrous salts — the acetate 
being only slightly precipitated, as explained in 137. Ammonium sulpliide 
precipitates y'igrrotis sulphide, FeS, black. The moist precipitate is slowly 
converted, in the air, to ferrous sulphate ; and afterward, to basic ferric 
sulphate, ^^^{^O^^, 

177. Alkali phosphates — as Na^HPO^ — precipitate two-thirds metallic 
ferrous phosphate, PeHPO^, mixed with the full-metallic salt, FqJJ90^^, 
white to bluish-white. By the addition of an alkali acetate, the precipitate is 
obtained of full-metallic phosphate exclusively : 

3FeS04 + 2Na2HP04 + 2NaOaH80a = Pes(P04)a + SNaaSO* + 2HC3H.O9 

178. Cyanides — as KCy — give a yellowish-red precipitate, chiefly ferrous 
cyanide, soluble in excess of the reagent ; the solution constituting potassium 
ferrocyanide (compare 621). 

Perrocyanides — asK^PeCy. — ^reo\i>ita.te potassium-ferrous ferrocyanide, 
K^PePeCy^ (Everitt's salt), bluish-white, insoluble in acids. This is converted 
to Prussian blue (189), gradually by exposure to the air, immediately by oxi- 
dizing agents : 

4KaFeFeOy6 + 20 -f 4H01 = Pe4{FeOye). -f- K4FeOye -f 4Kol+ 2HaO 

Perricyanides — as EgPeCy^ — precipitate (even from dilute solutions) yi^r- 
rous ferricyanide, 'Eq^^FqCy^^, dark blue, insoluble in acids. TJiis important 
test reveals the presence of traces of ferrous salt, in ferric solutions. For 
this purpose, the solution must be dilute, as stated at 189, and ^Q original solu- 
tion always employed, because the oxidation of iron is altered by chemical 
operations. 

Alkali hydrates decompose the precipitates above named : with potassium 
ferrous ferrocyanide, forming alkali ferrocyanide and ferrous hydrate* with 
ferrous ferricyanide, forming alkali ferricyanide and ferrous hydrate : 



EaFeFeCye 


+ 


2EOH 


— 


K4FeOy6 


+ 


Fe(OH), 


Fe8{FeOy6)a 


+ 


6EOH 


— 


2EsFeOy6 


+ 


3Fe(OH), 



Sulphocyanates give no reaction with ferrous salts. 

179. Oxalic acid and oxalates precipitate ferrous oxalate, PeC,0^, 
yellowish- white, crystalline, sparingly soluble in boiling water, decomposed by 
mineral acids not too dilute. 

180. Tannic acid, and tincture of galls, with concentrated solutions of 
purely ferrous salts, give a white gelatinous precipitate of ferrous tannate, 
which is quickly oxidized by exposure to the air to blue-black ferric tannate — 
long used for writing ink. 



181. I>y ignition, and in heads Ijeroie the oxidizing flame of iho blow- 
pipe, ferrous compounds give the same i-eactions as ferric {192). 

192. FEBBIC salts form solutions having a brownish yellow color, and 
reddening litmus. Most soluble ferric salts are deliq^neBcent. Ferric oxide, 
in powder, is reddish brown ; in native crjKtal, ateel-t,'ray. It is soluble in 
hydrochloric acid, not very readily, but much quiclcer than in other acids. 

183. The hydrate, oxalate, phosphate, ferrocyanide, tannate, gallate, 
borate, and sulphite, are insolnbls in water. The chloride is soluble in alcohol 
and in ether; Ihe sulphate is soluble in alcohol, a separation from ferrous 
Bol[ihate, Ferric carbonate is not formed, and ferric sulphide is not formed in 
ordinary conditions of wet analysis, hi analyais, ferric compounds are identi- 
fied by the red solution they form with sulphoeyanate, and distinguished from 
ferrous forms by not causing a blue precipitate with ferrieyanide (189), Fer- 
ricum is separated in the First Division of Group HI., with the other pseudo- 
triads (135). 

184. The alkali hydrates precipitate ferric hydrate, Pe,(OH)„ variable 
to Pe^O,,(OH),, reddish- brown, insoluble in alkalies or ammonium salts. Salts 
of fixed alkalies adhere to this precipitate with great tenacity. 

185. Alkaii carbonates— as K^CO, — also precipitate the hydrate, contain- 
ing traces of carbonate (conipiiro 147). Regarding barium carbonate, see* 191. 

Fe^Ol, + 3K,C03 -|- 3H,0 = Fe,(OH). -f CKCl -\- 300, 

186. Hydrosiilplnirio acid does not precipitate iron from ferric solutions; 
but reduces ihem to the ferrous combination, with precipitation of suiphnr, as 

187. Ammonium sulphide precipitates the ferrous sulphide with free 
sulphur, FeS "ithS, a reduction of the metal to the condition of a dyad. Henoe, 
the ammonium sulphide precipitate contains iron in ferrous condition only. 

188. Phosphates — as Na^HPO^ — ■precipita.te ferric phosphaie,Fe,(PO^)^ 
scarcely at all soluble in acetic acid, but readily soluble in hydrochloric, nitric, 
and sulphuric acids. Hence, ferric salts which are not acetates, are precipitated 
by phosphoric acid with co-operation of alkali acetates (compare 177) : 

Pe,01, -I- 3HaPO. -I- 6NaO,HsO, = rej(PO.), -|- BNaOl -|- 6HO3H3O, 

In this way, phosphoric acid is removed from alkaline earth bases — in solu- 
tions of alltaline earth phosphates, in hydrochloric or nitric .acid. Regarding 
precipilalion by Arseniatea, see 392, 

189. Soluble cyanides — as KCy — precipitate, from ferric salts, the 
hydrate, wllh evcilntinn of hydrocyanic acid (it). 

Perroeyanides — :i* K,PeCy„ — precipitate ferric ferrocyanide, Fe,(Fe 
Cy.)„ Prussian blue, insoluble in acids, decomposed by alkalies (J). Strong 
acids color the reagent blue, and render the test fallacious ; acetic acid is free 
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from this objection, and addition of potassium acetate enables the test to be 
made in acid solutions. By excess of the reagent, the precipitate is somewhat 
soluble to a blue liquid. 

Sulphocyanates— as KCyS— form, in solution, ferric sulphocyanatey 
Pe (CyS)g, of a blood-red color so intense that this is an exceedingly delicate 
test f(»r iron when in the ferric condition (c). 

The red salt is freely soluble iu water, alcohol, and ether, and extracted by ether from 
aqueous solutions ; is decomposed by alkalies, but not by acids. Traces of ferric salts are 
revealed by adding the reagent, slightly over-saturating the mixture with ether 5 the ex- 
cess of which will rise to the surface, colored by any ferric suiphocyanate, concentrated 
from the mixture.* The color of the liquid is destroyed by mercuric chloride {d) ; also by 
phosphates, borates, acetates, oxalates, tartrates, racemates, malates, citrates, succinates, 
and the acids of these salts. Molybdenum dioxide, also nitric and chloric acids, give red 
color with the suiphocyanate, removed by heat (043). To determine the condition of iron, 
ths original solution only can be used (169). 

Ferricyanides — as K^FeCyg — form no precipitate iti ferric solutions, but 
give a green, or, in some proportions, brown color to the liquid (e), which 
should be diluted until transparent enough to reveal minute portions of blue 
precipitate if ferrous sale is present (1*78). The addition of stannous chloride, 
SnCl,, or some other strong deoxidizing agent (171) to the mixture of ferri- 
cyanide, wherein no precipitate is found, constitutes a delicate test for ferric 
salts. 

Some of the above-named reactions of ferric salts with cyanogen compounds, 
are defmed in the following equations : 

a. FeaCle + 6KOy + 6HaO = Fe2(OH)6 + «HOy + 6K01 
h. Fe4{FeOye)» + 12KOH = 3K4FeC76 + 2Fe2(OH)e 
(Decomposition of E4FeCy6 by acids, see 027.) 

c. FeaOle + OKOyS = Fe3(OyS)e + 6K01 (Consult 19.) 

d. Fe2(OyS)6 + SHgOla = 3Hg(CyS)a -f FeaOU 

e. Fea01« + 2E8FeCye = 6K01 + Fea(FeOy6)2 

190. The acetates— as NaC^HgOj — form, in the cold, a dull red liquid, 
ferric acetate, 'Pe^(C^'H.fi^)^y not decolorized by mercuric chloride. On boil- 
ing the solution, basic ferric acetate is precipitated, finally becoming hydrate. 
Sulphites give, likewise, a red solution of ferric sulphite, decomposed by 
boiling.j 

191. Tannic acid — and tincture of galls — precipitate terric salts blue- 
black, as ferric tannate, the basis of common ink. 



* Natanson, Zeitsch. analyt. Chem.j ili. 370. 

t Meconic acid and Formic acid form red Bolations with ferric salts Benzoic acid gives a flesh-colored 
precipitate ; salicylic acid a deep violet color ; phenol and creosote, each a blue color ; ealigenin a blue 
color ; and various compounds of the •' aromatic group," hydroxyl substitutions in benzine derivatives, give 
blue to violet colors. Morphine, pscudomorphine, and daphnin, give the blue color. 
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Ammonium Suocinate precipitates reddish-brown ferric succinate. 
Barium Carbonate precipitates ferric hydrate from tlie chloride even iti the cold 
(leaving barium chloride in solution) : 

FeaOle + 3Ba008 + SHaO = Fe2(CH)fl + SBaOJj + 3COa 

The excess of the bai ium carbonate is iiltered out with the ferric hydrate, and may be 
separated by addition of sulphuric acid, which changes it to insoluble barium sulphate, 
and leaves ferric sulphate in solution. If ferrous chloride were in the original solution, 
the barium chloride formed in the reaction may be separated from it, likewise, by addition 
of sulphuric acid. 

192. The larger number of iron salts are decomposed, as solids, by heat ; 
ferric chloride vaporizes, undecomposed, at a very little above 100° C, (212° F.) 
IgpiitioiL in the air changes ferrous compounds, and ignition on charcoal or by 
the reducing flame changes ferric compounds to the magnetic oxide, which is 
attri Hed to the magnet. 

In the outer flame, the borax bead, when moderately saturated with any 
compound of iron, acquires a reddish color while hot, fading and becoming 
light yellow when cold, or colorless, if feebly saturated. The same bead, held 
persistently in the r Awing flame, becomes colorless unless strongly saturated, 
when it shows the pale green color of ferrous compounds. The reactions with 
microcosmic salt are less distinct, but similar. Cobalt, nickel, chromium, and 
copper conceal the reaction of iron in the bead. 

Ferric compounds, heated briefly in a blue borax bead holding a very little 
cupric oxide, leave the bead blue ; ferrous compounds so treated change the 
blue bead to red — the color of cuprous oxide. 



193. Recapitulation of Distinctions between Ferric and Ferrous Com- 
pounds : 

Ferric compounds. Ferrous compounds. 

(1) Ferricyanides. No. pre., green color, 189. Deep blue pre.Fe3(FeCyj3. 



(2) Sulphocyanates. Red sol. Fea(CyS)g. 

(3) Ferrocyanides. Blue pre. Fe^(FeCyg)3. 

(4) Carbonates. Effervescence (185). 

(5) Cyanides. 189. 

(6) Reducing Agents. 

Hydrosulph. acid. 171 a. (Deodorized and S. 

precipitated.) 
Sulphurous acid. 171 h. (Deodorized.) 

(7) Oxidizing Agents. 

Nitric acid, ..... 

Bromine, . . . 

Chlorine water, .... 



No change. 

Pale blue pre. K^FeFeCy^. 

No effervescence (175). 

178. 



814 (Brown gas, by heat.) 
170 h. (Deodorized.) 
170 a, (Deodorized.) 
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MANGAITESE. 

194. A grayish white, hard, brittle, feebly magnetic Metal, difficult of fusion and of 
reduction, quickly oxidizing in the air, and even decomposing water at ordinary tempera- 
tures to a slight extent. 

It accompanies iron in the mineral, vegetable, and animal kingdoms ; and artificial 
compounds of manganese are seldom free from iron, owing to the difficulty of complete 
separation. 

195. Manganous Oxide, Mn'^O, represents the only base capable of forming stable 
salts of manganese. 

196. Manganic Oxide, Mn""a^^03, represents a class of salts and compounds, all of 
which are reduced to manga/nous combination by boiling with hydrochloric acid, chlorine 
being evolved : 

MnsCls (in boiling solution) = 2MnCla -h Ola 

For reactions of manganic compounds, see 213. 

197. Manganese Dioxide, Mn^'^'Oa, constitutes the commercial source of manganese 
and an important oxidizing agent, as Pyrolusite. Salts of this type are not formed, and 
the action of hydrochloric acid with heat slowly dissolves (redugps) the dioxide to man- 
ganous chloride, with evolution of chlorine : 

MnOa H- 4HC1 = MnCla + Ola H- ^HaO 

Free chlorine, bromine, and iodine are obtained in accordance with this reaction (or 
some modification of it), and immense quantities of native manganese dioxide are required 
for the liberation of these elements, in manufacturing operations. The production of 
chlorine is frequently effected by using sulphuric acid and common salt, instead of hydro- 
chloric acid : 

MnOa + 2Na01 + 2H2SO4 = MnS04 + Na3S04 + Ola + SHaO 

Oxygen also can be obtained from binoxide of manganese, by action of sulphuric acid: 

MnOa + HaS04 = MnS04 + HaO + O 

Further, regarding Mn"" as an oxidizing agent, see 848. 

f 

198. Manganic Acid is not known as such, but is represented in manganates 

(K2Mn^'^04) ; those of the alkali metals being soluble in water, ipith gradual decomposi- 
tion into manganese dioxide and permanganates : 

3KaMn04 + 2HaO = 2KMn04 + MnOa + 4KOH 

Free alkali retards, and free acids and boiling promote this change Manganates have 
a green color, which turns to the red of permanganates during the decomposition inevita- 
ble in solution. 

199. Permanganic Acid is not in use as an acid, but is represented by the perman- 
ganates, as K2MnV'"2^^^08.* The permanganic acid radical is at once decomposed by ad- 
dition of strong acids to a solid permanganate, but in water solution this decomposition 



* In permanganates, manganese may be considered as an octad, in the componnds of which two of its 
atoms are held to each other by one bond of each ; the pair having twice seven bonds for other elements, 
and having iiJways an even number of atoms in correctly written formulae. But to avoid complexity of ex- 
pression, in this work, permanganates will be written with an uneven number of atoms in the molecule. 



does oot at oneo tako place, except by contact with oxidizable substances. The oxidizing 
power of permanganates extends to a great number of sabEtances, possesses different char- 
Wteristics In acid and in alkaline solutions, acts In mat^j' cases ao rapidly as to be vio- 
lently explosive, and is of such quantity that four parts of the absolute potassium salt 
"■" ' ' ir one part of oxygen (equation a). 

ir the study of Permanganates in oitiUation, gee 840. The reactions with fenoiu 
p (b), and with oxahc acid (c), are much used in yolunietric analj'sis : 



tl. 2BMnO, + 3H,SO, = 2MnSO 


, + KaSO, + 60 


+ 3HgO 


i. SKMnO. + lOFeOl, + lOHCl 


= 2MnCl, + SKOl 


-H SFeiCli + 8H,0 


1. 3KMnO. + 5H.C.jO, + GHCI 


= 3MnCl, + 8H,0 


+ lOOO, 4- 2K01 



200. Permanganates are ail soluble in water, silver permanganate being only spar- 
ingly soluble. The most of them are deliquoBoent. Their solutions have a deep red 
color. Sliglit deoxidation may give the green color of manganate. 

201. Manganese ia reduced to the manganous condition, from all its other degrees of 
combination, by boiling with hydrochloric acid. In this, its only stable form, it is nuwt 
perfectly identified as max^Bueae, and the Tarioue reactions of (a) the manganous base 
in the wet way obtained — 203 and after. 

i. For reactions characteristic of the mangasio baae, see 213 and after, 
e. It the substance be a black powder, insoluble in water, but dissolving to manganous 
chloride in hydrochloric acid, with evolnrion of chlorine even in the cold (107), it is man- 
gasrae dioxide. The proportion of absolute dioxide is determined from the amount of 
chlorine it is capable at setting free. 

d. If having a green color (198), and being soluble in water with decomposition, etc., 
.leaving manganous base, it is a manganate, representing manganic acid. 
^^^_.e. If soluble in water tJ) a red color, and, by deosidation, losing color (and leaTing 
^^^Kganous base), it is indicated as a permangacate (IDS), representing pcrmanganicacid, 

^^902. MATTGANOTJS SALTS (195) are of rose color. The oxide is 
grajish-grcen. The chloride (4 aq.), bromide, iodide, and nitrate, are deliqueB- 
oent ; the sulphate (7 ag.) is efflorescent. 

303. Manganous oxide, ht/draie, sulphide, carbonate, phospliate, oxalate, 
borate, and sulphite, are insoliilile in water. The hydrate is insoluble in alka- 
lies, but soluble in solution of ammonium salts. 

In analyBis, manganese is identified by the oxidation of manganous hydrate 
oroxide, to manganate (211) or permanganate (210), each recognized by its 
bright color. As to determination of the oxidation of manganese, see 201. 

204. The alkali hydrates precipitate, from soluble manganous salts, 
manganous hydrate, Mn{OH)„ white, soon turning brown in the air by oxi- 
dation to manganic oxyliydrate, Mn,0.(OH),. 

The precipitate is insoluble in excess of alkali, but — before oxidation — is sohihle in 
solution of ammoiiluiii salta, by formation of soluble double salts of ammonium and man- 
ganese — amnionio-manganous salts — (corresponding tn those of ammonium and magne- 
sium ; compare 114). And hence, ammonium hydzatn precipitates but part of the man- 
ganese in solution, forming in the reaction a salt of ammonium, which holds the rest of 
le from, precipitation. 



MAXGAyESE. 




rz 

^^^■McipituUd from the animoniacal solution of luangunous hjdrotti in BalU iiC ii 
^^^■7 aotioa of tbe air. After standlag, all the tiiangaueae is bo precipitated, dark brown j . 
^^Hpb precipitation by action of the air upoa solution iu anunonium salt being peculiar to ^ 
^^Raungunese. As free ainnionia facilitates the oxidation of metallio copper and of cobalt: 
^^^ OTIS salts, it niuy huro promote the osidation of the nianganous compounds ; also, it neu- 
tralizes the acid which would otherwise be set free. 

205. Hydrosulpliuric aoid precipitates manguaouB acetate but imper- 
I'cclly, and not iti presence oi' aceiiu acid, and dues not precipitate other salts, 
aa manganons sulphide is soluble in very dilute acids, even acetio acid. Am- 
moninni sulphidQ precipitates from neutral solutiuns, and forms frum the 
reoent hydrate of mixtures made alkaliue, the flesh-colored mavffanons sul- 
phide, UqS. Acetic acid, acting on the precipitated W^Uihidea, separal«a man- 
ganese fi-om cobalt and nickel, and from the greater part of zinc 

208. Alkali oarbonates precipitate inangaiious carhojiate, MnCO,, white, 
oxidized by tlie atmosphere to the brown mauganio hydrate {20-i), and, belbre 
oxidation, somewhat soluble in solution of ammonium chloride. 

207. Alkali phosphates— as Na^HPO,— precipitate, from neutral solu- 
tions of mangauous salts, normal manganous phosphate, Mn,(POj„ white, 
Blightly soluble iu water, and soluble iu dilute acids, it turns brown in the 



The manganous hydrogen phosphate — MnHFOt— is more soluble in water, and is 
obtained by crystallizatiou from a mixture of manganous sulphate acidulated with acetio 
acid, and ilisodiuiii hydrogen phosphato, Na^HFOi, added till a precipitate begins to 
form. From the ammonio-nuuigBiiesB iolution (204), phosphates precipitateaU the man- 
ganese as ammniiiam-iriangaJW^B phosphate. 

208. Alkaline oxaiatei predpitaAemanganona oxalate, soluble in acids not very dilute, 
and formed with difficulty by addition of oxalic acid. 

209. Soluble cyanides — as KOy — precipitate manffanoua cyanide, MnCyi, white, 
but darkening in the air, soluble in excess of the precipitant by formation of doubli 
^ianide»-~m (KOy)vMnCyi. This solution, exposed to tie air, produces 
Wanides — analogous to ferrieyanides — with osidation of a portion of the manganese ; 



6(EOy),MiiOy, 



H,0 



IKJMnOy, + MiijO,{0H), 



mangam- 

' m 

ioluble'l^^ 



Feiraoyauides precipitate white manganous ferroeyanide, MngPeOyg, soluble'' 
^drochloric acid. Ferrloyanldea precipitate brown mangaaoua femcyanidi, Vint- 
^O^i)i, insoluble in acids. 

210. Manganese is most easily atid certainly identified througli oxidation, 
leveral methods, each method giving a color-prodiici. 

A small portion of raaiiganous solution, when boiled with nitric acid and 
Kid dioxide, is oxidized iopermanganic acid, HMnO., giving a red color to 
E&e solution when the sediment subsides. The oxidation is derived from the 
side, reduced to lead nitrate. If other reducing agents are present, 
(hey also must be oxidized. The lead dioxide should be used iu such excesa^ 
leave a black sediment. 




{ftll. Ignition with alkali 'ind oxidizing agents, forming a hrighi gr 
8 of ftikiilirit! manganate, oonstitutes a. delicate and convenient teat for m 
ganese, in aiij combination. _ A Bmall portion of precipitate or fine powdei 
taken. If the manganese fgrma but a small part of a mixture to be tested, i 
better to submit the substance to the aystemalic course of unulj'sis, and apply^ 
this teat to the precipitate 6y alkali, in the third group. A convenient form ofl 
the test is bj ignition on platinum foil with potasaium or sodium nltratfrJ 
ond sodium eariiouate (a). Ignition, by an oxidizing flame, cm platinum tbil^J 
with potassium hydrate, effects the same result, less quickly and perfectly (h). 
Ignition by the oxidizing flame of the blow-pipe, in a bead of sodium oar->l 
bonate, on the loop of platinum wire, also gives the green coloi- (c). 

a. 3Mn(OH)j + 4KNO, + Nft,COs = 

2KiMnO, + Na.jMiiO. + 4NO + OO, + 31 
h. Mn(OH), -I- 2S0H + 20 = E,MuO, -|- 3H,0 
e. MmOH), -t- NauCOs + 20 = NajMnO. + BjO + CO, J 

312, With beads of borax and mlorocosmic salt, before the outerj 
blow-pipe fiame, njanganese colors the bead violet while hot, and ametkyst-rem 
when cold. The color is due to the formation of manganic oxide, the 
material of the amethyst and other minerals, and is slowly destroyed by'fl 
application of the incer flame, which reduces the manganic to mauganoua oxide^J 

213. MANGANIO SALTS (108) are somewhat instabla eompoundB, of a redilLsh- 
brown or purple-rud color, becoming paler and of lighter tint in reduction ti 
ganous combination. The chloride and sulphate are dellqoeRcent. Maugauia ohlarida|> I 
VLsnClU, exists only in solution, whit;h is reduced to MnGlj by boiling, also by evapotatW 
tion to a solid. Slanganic Bolphate — Ma9(SOi)> — is soluble in dilute sulphuric acid, butfl 
Is reduced to IilnSOi by 1 he attempt to dissolve it in water alone ; potasdum manganisl 
sulphate and other manganio almns are also decomposed by water. 

214. Hydroaulphnric acid icdams manganic salts to the manganous combination,.! 
with preoipitation of sulphur. Ammanium sulphide reduces manganic chloride, a 
precipitates monjnjioits s(i/;'7ii*rfe— MnS— with frue sulphur. Alkali hydrates, carbo*] 
natM, and barium oatbonate, all prec'ipitate from solution of manganic chloride, i 
ganie hi/drate. Mn,0,(0H)5. FerrocyanideB precipitate gray-green manganic feiro-M 
ei/anide, Mn,(PBOy,)j. Ferrioyanldoa precipitate manganic /em'ci/oMide— MnPsOy.r 
—brown. When a manganic compound is mixed with aqueous phosphoric add, thCffl 
solution cTaporated to dryness and gently ignited, a violet or deep blue mass is obtained, * 
from which watpr dissolves a purple-red monpranicftyiJrojmjiAospftirie, a distinction fronriB 
inanganous eomponnds. Simple ignitioa changes manganic compounds to ft"- " 



the t«Bta In the dz; way, loanganic compounds g 
e (811). 
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:B. Somewhat easier of reduction fn)ni oxides, and r 
water at a red heat, but is permsnent in 



e reactions a 



) fusible, than iron. The 1 
air at ordinary tempera- I 
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tures. It is slowly dissolved by hydrochloric and sulphuric acids, with evolution of hy- 
drogen — more promptly by nitric acid ; in each case forming cobaltous salt. 

216. Cobalt forms two well-marked oxides (131), both of which represent bases in cor- 
responding classes of salts : cobaltous salts, being stable compounds, permanent in the 
air, not easily affected by oxidizing agents ; cobaltic salts, very instable compounds, not 
permanent in solution, and easily reduced by heat alone to cobaltous combination. 
Therefore, as regards the relative stability of its two classes of compounds, cobalt, like 
manganese, is the reverse of iron. The most permanent cobaltic compound is the oxide; 
but both cobaltous and cobaltic oxides are changed, by ignition in the air, to cobaltoso- 
cobaltic or black oxide, ^s04. 

217. Cobaltous oxide is gray-green, the hydrate is rose-red ; they are easily soluble in 
acids forming COBALTOUS SAIiTS, which exhibit bright coloni, varied by different 
physical states, and by different chemical combinations. In crystals, they are red ; an- 
hydrous, mostly lilac. Their solutions are mostly blue when concentrated, but pink 
when diluted. At a certain stage of dilution, these solutions are red when cold, and blue 
when hot. The pink dilute solution of the chloride spreads colorless on white paper when 
cold, becomes blue on heating, and colorless when cold again, used as '* sympathetic inJcJ'* 
Cobaltous oxide dissolves in melted glass, coloring it blue — used to cut off the light of 
yellow flames (44) ; also, with the same color, in fused borax — the most delicate test for 
cobalt (224), and in other vitreous substances. The black, cobaltoso-cobaltic oxide, 
C08O4 — as left by ignition of cobaltous oxide or nitrate — combines or mixes, by ignition, 
with zinc oxide from zinc compounds to form a green mass, with aluminium compounds 
to a blue, and with magnesium compounds to a pink mass (blow-pipe tests for these metals, 
119, 150, 240). Cobalt forms many double salts, and compounds with alkalies, noted for 
their various bright colors. 

Cobaltous nitrate and acetate are deliquescent ; chloride, hygroscopic ; sulphate 
(7 aq.), efflorescent. The chloride vaporizes, undecomposed, at a high temperature. 

218. The hydrate, basic carbonate, sulphide, phosphate, borate, oxalate, cyanide, 
ferrocyanide, and ferricyanide, are insoluble in water ; the potassio-cobaltous oxide is 
insoluble ; the ammonio-cobaltous oxide, soluble ; the double cyanides of cobalt and the 
alkali metals are soluble in water. Alcohol dissolves the chloride and nitrate ; ether dis- 
solves the chloride, sparingly. Most of the salts insoluble in water form soluble com- 
pounds with ammonia. In analysis, cobalt is pretty clearly identified in the dry way, by 
the bead test (224). It is easily separated (221 and 244) ; except from nickel (2235^' 

219. The fixed alkalies precipitate, from solutions of cobaltous salts, blue bafic saltSy 
which absorb oxygen from the air and turn olive-green, as cobaltoso-cobaltic hydrate, or if 
boiled before oxidation in the air, become rose-red, as cobaltous hydrate, Oo(OH)a. This 
last result is favored by excess of the reagent, which does not redissolve the precipitate. 
But ammonia and ammonium salts dissolve the precipitate. 

Ammonium hydrate causes the same precipitate as fixed alkalies ; incomplete, even at 
first, because of its solubility in the ammonium salt formed in the reaction, and soluble in 
excess of the ammonia to a solution which turns brown in the air by combination with 
oxygen, and is not precipitated by potassium hydrate. The reaction of the precipitate 
with ammonium salts forms a soluble double chloride (as with magnesium) ; the reaction 
of the precipitate with ammonia produces, in different conditions, different soluble color 
compounds, ammonio-cobaltous and ammonio-cobaltic, as (NHa)40o01a, (NH8)6CoOl3, 
(NH8)eOo20l6, etc. 

220. Alkali carbonates precipitate cobaltoics basic-carbonate, peach-red, which when 
boiled loses carbonic anhydride and acquires a violet, or, if the reagent be in excess, a blue 
color. The precipitate is soluble in ammonium carbonate (or in excess of that precipitant), 
and very slightly soluble in fixed alkali carbonates. 



Barinm carbonate does not precipitate cnbaltous salts in the cold (except the Bul- 
phato), but, by prolon{,'ed boOing does precipitate eobaltons chloride complete! j. 

221. BydrOBalphario add, with normal cobaltous salts, gradually and iniperiectlj 
precipitates the blajik cobalt Bulp/Me, O08 ; from cobalt acetate, the preoipltfttioti is more 
prompt, and is complete ; but in presence of mineral acids, as in the second-group preci- 
pitation, no precipitate is made. When formed, the precipitate is scarcely at all soluble in 
diliit« hydtoehlorie acid or in acetic aeid ; slowly soluble in moderately concentrated hy- 
drochloric acid, as in dissolving- the third-group precipitate ; readily' soluble in nifric, and 
most easily in nitro-hjdrocliloric acids. By exproguro to the air^the recent cobaltOus sul- 
phide is gradnally or slowly oxidized to cobalt sulphate, atrtiilflo, as occurs with iron 
sulphide, 176. Anunoninm aulphide precipitates immediately and perfectly the black 
CoS, described above. 

222. Phosphates — as HagHFO, — precipitate the reddish cohaltmtg phosphate, 
OoHPOi, soluble in acids and in ammnnia. Oxalic acid and oxalates precipitate tbe 
reddish white, coballnus oxalate, OoOiOi, soluble in mineral acids and in ammonia. 

223. Alkali cy^uildes — as EOy — precipitate the brownish- white cdballoua eyaaide, 
OoOyi. soluble in hydrochloric, not in acetic or in hydrocyanic aeid, soluble in eicess of 
the reagent, as double cyanides of cobalt and alkali metals — (KOy)iOoOyi — potassium 
cobaltous cyanide, etc., the solution having a brown color : 

CoOl, + SKCy = CoOy, -|- 2K01 
OoOy, + 3KOy = (KOy),CoOy, 

Dilute acids, vilhoul digestion, reprecipitate cobaltous cyanide from this solution (the 
' with nickel, 239) : ^ 

i^{KOT),OoOy, -f 3H01 = CoOy, + SHOy 

But if the solution, with excess of the alkali cyanide and with a drop or two of hydrtf 
ehlorie aeid, ensurinf! free HOy, be now digested hot for some time, the cobaltous cyanide 
IB oxidized and converted into alkali cobaltie;/anide — as KiOoOyg — corresponding to ferri- 
. eifBiiides, but harmg no eorrenponding nickel eompoiind : 

tSOoOy, -|- 2HCy -|- O = CojCyj (cobaltic cyanide) -|- 
,OOiOy, -|- 6KOy = 2KsCoCy 4, potassium cobalticyanide. 

In the litttor solution adds cause no precipitate (compare S2!l) — (important dislinelioi^ 
from nicti'l, whose solution remains (KCyjaNiOys, and after digestion as above is preci- 
pitated with acids). 

Solphocyanate, in highly concentrated solution, gives a blue color, Oo(OyS)a, crys- 
tiiilizahle in biae needles, soluble in alcohol, not in carbon disulphide. In less coneen- 
tnted solutions, the color appears on warming. In neutral solutions, nickel, iron, nian- 
maese, and zinc, do not interfere (Schoe.vn, ISTO) 

FerrooyanideH — as K,FoOy« — precipitate cohiittoue ferroeyanide, OoiPoOyo, gray- 
green, insoluble in acids. Ferricyaiiidei — as KsFeCys — precipitate coballous ferri- 
eyatnde, Oo>(FeCyo)i, brownish-red, insoluble in acids. But a more distinctive test is 
made by adding ammonlnni chloride and hydrate, with the ferrieyanide, when a blood- 
red color is obtftined, in evidence of cobalt. If, in this test, manganese bo present, a white 
precipitate is obtained at once, becoming brown with more ferrieyanide ; if nickel be 
[WEsent. ft eopiier-red precipitate forms on boiling ; zinc gives no precipitate, hot or cold, 
n addition of ferroeyanide to the same solution, gives a white precipitate (Allen, 

324. In the bead of borax, and in that of microcosmic salt, with oxidizing and with 
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66 Nickel, 

reducing flames, cobalt gives an intense blue color. The blue bead of copper changes to 
brown in the reducing flame. If strongly saturated, the bead may appear black fi-om 
intensity of color, but will give a blue powder. This important test is most delicate with 
the borax bead (217). If sulphur or arsenic is present, it must be previously expelled 
by roasting. If manganese, copper, nickel, or iron is present, the continued application 
of the reducing flame will destroy the interfering color, and bring out the blue of cobalt. 

By ignition^ with sodium carbonate on charcoal or with the reducing flame, compounds 
of cobalt are reduced to a magnetic mass, 

226. Cobaltous compounds are oxidized to cobaltic combinations, in the following 
tests, all of which distinguish cobalt from nickel, which is scarcely capable of higher 
oxidation. 

Potassium nitrite, KNO3, added to a somewhat concentrated solution of cobaltous 
salt, with addition of sufficient acetic acid, after warm digestion, on standing some time, 
better for twenty-four hours, causes a yellow crystalline precipitate of potassium cobaltie 
mtrite (a separation from nickel) : 

2O0CI, + I2ENO3 + 2HC3HSO3 + H3O = 

(ENOa)6, CoaO(N03)4, (H^O), + 4EC1 + aECHsOa + 2NO 

Chlorine gas, passed into dilute cobaltous solutions, changes them to cobaltic com- 
binations, which are then precipitated by digestion with barium oarbonate in the cold 
(compare 220). Lead dioxide, with warm digestion, precipitates from neutral solutions 
all the cobalt, as cobaltic oxy-hydrate, 

NICEEIj. 

226. In the properties of nearly all its compounds, this metal closely resembles cobalt ; 
so that its analysis requires a constant comparison between the reactions of the two 
metals ; and although it is not difficult to identify the one in the presence of the other, 
their exact separation is laborious. 

The metal is reduced from its oxide, and is oxidized by ignition in the air, about as 
readily as iron, but at ordinary temperatures is less easily oxidized in the air, having a 
silver-white, brilliant lustre, and is a little more fusible than iron. In reduction with 
carbon, it forms a carbide, like iron. It is slowly dissolved by dilute hydrochloric or sul- 
phuric acid with evolution of hydrogen, and readily by nitric acid or chlorine water. 

Nickel forms two oxides — protoxide, or nickelous oxide, Ni"0, gray-green, represent- 
ing the salts of nickel, and nickelic oxide, Nia^^Os, not salifiable. Both oxides readily 
dissolve in acids, as nickelous salts. 

227. The salts of nickel have a delicate green color in crystals and in solution ; when 
anhydrous, they are yellow. The nitrate and chloride are deliquescent or efflorescent, 
according to the hygrometric state of the atmosphere ; the acetate is efflorescent. The 
chloride vaporizes at high temperatures. 

The hydrate, carbonate, sulphide, phosphate, borate, oxalate, cyanide, ferrocyanide, 
ferricyanide, insoluble in water. The compounds of the oxide with potassium oxide and 
sodium oxide are insoluble ; that with ammonia is soluble ; and the double cyanides of 
nickel and alkali metals are soluble in water. The chloride is soluble in alcohol, and the 
nitrate in dilute alcohol. Most salts of nickel form soluble compounds by action of am- 
monium hydrate. In analysis nickel is separated, with cobalt, by the sparing solubility 
of the sulphide in dilute acids. Its separation from cobalt is more difficult (229). In 
absence of cobalt, it is easily identified in the bead (231). 

228. The fixed alkali hydrates precipitate nickel hydrate, Ni(OH)a, pale green. 



insoluble in excess of the reagent and not nsidizable in the air, but soluble i 
hydrate or aniinDnium salts to a greenish blue iiqiud (133), 

-Ammonium hydmte, also, precipitutes nickel hydrate, cotuble in excess, anil in am- 
monium salts, with formation of compounds similar to those ol cobillt (21S), giving a 
violet blue TOlor to the soltttion. Suflcient potaasimtt or undium ItyUraLc will slowlj 
reprecipitat^ niukel hydmte from its nmmoniocal solution, a distinction from eobalt. 
In dilute ammoniacal solutions, the blue color appears only after exposure to the air. 

The alkaline oarbonates precipitate basio carbonate of yariable composition, green 
color, and soluble in ammonium ea.rbonBte, or excess of that prucipitAnt — with blue or 
greenish-blue color. 

With bydroaulphurlo acid, and with sulphide of ammonium, nickel has the same 
deportment as cobalt (221) : the precipitate being nickel sulphide, slightly soluble in 
esc^s of ammonium sulphide. Phospliates—as Na^HFOt — throw down niokel phot- 
fhate, greenish- white, mostly full metallic. 

229. Alkali cyanldea — as KOy— precipitate nickel cyanide, NlOyg, yellowish-green, 
ioEolnble in hydrocyanic acid, and in cold dilute hydrochloric acid ; dissolving in excess of 
tbe cyanide, by formation of soluble double cyanides — ae potassium-nickel cyanide, (EOy)i- 
XHOjTi. The equation, of the change corresponds exactly to that for cobalt (223) ; and 
the solution of dJsuble cyanide is reprecipltated as NlCy^ by a careful addition of aolda 
(like cobalt) ; but hot digestion, with the liberated hydrocyanic acid, forms no compound 
corresponding to cobolticyanides, and does not prevent precipitatiua by acids (unlike 
cobalt). It will be observed, that excess of hydrochloric or sulphuric acid will dissolve 
the precipitate of HlOyn, Perrooyanides— as EiFeCyi — precipitate a greenish-white 
wekd ferroeyanide, HiiPeOyg, insoluble in acids, soluble in ammonium hydrate, decom- 
posed by fixed alkalies. Ferrloyanidea precipitate greenish-yellow nickel fmrteynnide. 

For the test by ferricyanide, with ammonium chloride and hydmte, in distinction from 
eoball, see 213. 

Osulic acid and oxalates pivcipitate, very slowly, but almost completely, after twenty- 
four hours, nielcel oxalate, green. 

230. Ohlorine, or hypochlorite, in neutral solution or, better, with fixed alkali hy- 
drate, forms a black precipitate ot nickelic hydrate, Ni!i(OH),, reduced by heat or by 
solution in ocida or in ammonium hydrate. The separation of nickel from cobalt (336), 
by this test, is more accurate if potassium cyanide in excess be added pravioufily to the 
chlorine or hypochlorite. Nitrites, with acetic aeid, do not o^dize nickel as they do 
cobalt, 

231. Nickel coin;>ounds dissolve clear in the borax Iiead, giving with the oxidizing 
flame a purple-red or violet color while hot, becoming yellowish-brown when cold ; with 
the reducing flame, fading to a turbid gray, from reduced nietallio nickel, and finally 
becoming colorless. The addition of any potassium salt, as potassium nitrate, causes the 
borax bead to take a dark purple or blue color, clearest in the oxidizing flame. With 
mloroooamlo mH, nickel givos a reddish-brown bead, cooling to a pale reddish-yellow, 
the colors being alike in both flaiUDS. Hence; with this reagent, in the reducing flame, 
the color of niokel may be recognized in presence of iron and ma/ngnnese, which are color- 
less in the reducing flame ; but cobalt effectually obscures tbe bead-test for nickel. The 
yellow-red of copper in the reducing flame, persisting in beads of mierouosmic salt, also 
masks the head-test for nickel. 

By igmtion with soda on charcoal, compounds of nickel are reduced to a powder at- 
tracted by the magnet. 
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ZINC. 



332. In general properties, zinc resembles magneaiutn and cadmimn, a 
whicb are volatile at about a red heat, their vapors oxidizing in the air, wB 
their oxides are non-volatile. Zinc melts at 411" C. (773" F.) 

233. Pure zinc disaolvea very slowly in acids or alkaliea, unless in aov-TJi 
tact with copper, platinuni, or some less positive metal. The metallic impuri- 
ties in ordinary zinc enable it to dissolve easily with acids or alliHli hydrates. 
In contact with iron, it is quite rapidly oxidized in water containing air, but 
not dissolved by water, unless by aid of certain salts. All the agents whicli 
dissolve the metal, dissolve also its oxide and hydrate. 

The metal dissolves in hydrochloric, sulphuric, and acetic acids (a), and in 
the aqueous a! Italics (5) — with evolution of hydrogen; in very dilute nitric 
s (c) ; in moderately dilute cold nitric acid, mostly 
xide (ff) ; and, in somewhat less dilute nitric acid, 
[trie oside (e). Concentrated ni 
ite being very sparingly soluble ii 



acid, without evolution of g. 
with evolution of nitrous o 
chiefly with evolution of n 
zino but slightly — the nitrj 



I nitric acid ; 



Zq + H,SO, 

Zn + 2SOH 

Zn + lOHNO, 

d. 4Zn -I- lOHNOs 

Zn -I- gHNOs 



+ 



- K,OZnO 

4Zn(N03), 
= 4Zii(N03)j 
= aZn(NO,)a 



NH,NO. 

NaO 
SNO 



+ 



SHgO ^H 

4H,0 ^H 



234. The chloride, bromide, iodide, chlorate, nitrate (6 fiq.), and acetate 
7 aq.) are deliqneEOent ; the sulpAate (7 aq.) is effloreacent. 

The oxide, hydrate, milphide, basic cffr&o»a/e, phosphate, arseniate, oxalate, 
^d ferrocyanide, are inBOlufale in water; the sulphite is sparingly soluble. 
Kost salts of zinc, insoluble in water, form soluble compounds by action of any 
f the alkali hydrates. 

Zinc is separated from the metals of the third group, except from atumi. 

m, by non -precipitation with excess of fixed alkali hydrate in boiling solu- 
"tion; from aluminium, by precipitation as sulphide in alkali solution, and by 
non-precipitation with excess of ammonium hydrate (235), 

236. The alkali hydrates all precipitate the hydrate of zinc, Zii(OH),, 
■white, soluble in excess of either precipitant, with formation of potassium or 
sodium zinc oxide, or zinoate, K,ZnO„ or Zn(OK)j : 



= Zn(OH), 
= H,ZnO, 



2E01 
SH,0 




Od boiling the alkaline solutions, irdilitte, a, precipitate of zinc oxide sepa- 
rates, more I'eadily from the ammomc than from putossic or sodic solutions. 
In the presence of iron, or manganese, the zinc hydrate does not so readily 
dissolve in the alkali piecipitant, which iu these cases needs to be very strong, 
at the time of precipitation * IIj drate of zinc is somewhat soluble in ammo- 
QJum chloride, asstated in 134. 

236. Hydrosulphurie acid precipitates a pari of the zinc from neutral 
solutions of its salts with mineral acids, and the whole from the acetate ; also 
from other salts of zinc, if with addition of alkaji acetates (separation from 
manganese) : 

ZnCa. 4- 3KOiH.O, + H,8 = ZnS -|- SKCl -|- SHCaH.Oi 

That is : Zinc sulphide ia not soluble iu moderately dilute acetic acid, 
though much more soluble in mineral acids. The precipitate ia white when 
pure. 

237. Alkali sulphides — as {NH,)jS — completely precipitate zinc as gul- 
phide, both from its salts with acids and frjm its soluble combinations with 
alkalies. 

238. Alkali oarbonates— as K,CO, — precipitate basic carbonate, white, 
Zn^(OH),{CO,), sparingly soluble in ammonium carbonate, readily in ammo- 

239 ^ Ikaline cyanides — as KCy— precipitate zinc cyanide, ZnCy,, white, 
soluble iu excess of the precipitant. Alkaline ferrocyanidea — us E,FeCy, — 
precipitate zinc ferrocyanide, Zn.PeOy,, wliite. Alkaline ferricyanides — as 
K.^eCy, — precipitate zinc ferricyanide, Zii,(reCy,),, yellowish. 



• TlwBolnttoiiof Ho lino hydrate preeipilale, by adaitlonot ej^cenB of sJkaliM, !s erestlj affected by 
cODdiClona nf tEtupernCiire and dUnlbn. At 16° Ui IT" C, ono c.c. of NorniHl etaoilud sDlutlon of zinc eal- 
' phoCft TeqnlreEf ui redl^Bolve tbe precipilate, eight n.c. of formal Btondard saintlou of potabpinm iiydnte. 
Bntnow.jast dni>-bB]f of the alksll citiibs Uken up, by adding foai c.c. ollialf -Normal sniDtloa of solphnric 
•dd, before ibu precipitate reappears. That is, foiirrooleculea of the alkali hydtale form and dlaaolve [or 
bDldlnaealodon already made) tba precipitate of one miilccqle of the zinc salt— Bopporllng the cqnutiODB 
In tbe toit. Bnt, if the equation it to rfiprewnt Orn proportion of alliall neceasarj to add In 
and disaolve the precilHtale. at first, it mnal show cighL molecales of alkali hydrate to one ziu 



ZnSO, + BEOH = Zii(0K',.4K0H + KiSO, + ^^0,0 

TheRdditioncfnater, aC a certain point, precipitates the alkali anlntlon after it ia made. Heat d 
BUK, aa stated in tiis teit. At 60° C, about three times oa much of tbe alkali eoiutioB la recinlred 
■OlTetheptcclplIale,iu>a< 17° C. The uddiUon of nn alkali solution sq dHate as the tenth-Normal, 
of polaasiam hydrate, doca not effect full solution of tbe precipitate, hoicevcr mncli hi added, flodinm 
ilratBSolntionlaiiotreqnired in qnlteao InrBeosccfls lo rcilisfolve the precipitate— eeven molecoli 
Headed, la Nonual aotntinns, instead of eight, as for potasslnm hydrate But tiie same propnrtlon oi lonr 
iBOlMnlesis needed to bold thesolDlion,Hft«r takinicnpoxcessby Bddingacld. In the case of ammonium 
hjd«le,B,flr.c, of Normal standard solution were found to be required lo form and dissolve tbe precipltats 
froml c.c. of Normal eointion of zinc salt. Then I.B c.c. of the alkali conld De laKen up by acid, before 
lepredpiUiliotL ApparenUy, then, five moieculee of ammonium hydrate are required for solTible combina- 
lion frith one molocnle of 7inK ealt. [Sm a report on Zinc and Alkali soIdIIouij. t>y the author and 7. L, 
Wilson, Jour. Am. Bhcm. Boc., Feb.. 1880, U. 29.] 



I 



70 Zinc. 

240. With sodium carbonate, on charcoal, before the blow-pipe, compounds 
of zinc are reduced to the metallic state. The metal is vaporized, and then 
oxidized in the air, and deposited as a non- volatile coating, yellow when hot and 
white when cold (compare 140). If this coating, or zinc oxide otherw^iie pre- 
pared, be moistened with solution of oobalt nitrate and again- ignited, it 
assumes a green color. 

With borax or microcosmic salt, zinc compounds give a bead which, if 
strongly saturated, is yellowish when hot, and opaque white when cold. 
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SBPABATION OP THE THIBD GROUP METALS. V 

343. The reactions of the seven important met*ls of the third gi-oup, as ob- 
taiTieil with the compounds of each alono, include a sufficient number of distinct 
differences lo cnnatruct several easy methods of complete separation. But it 
is more diflicuit to separate them when together than to distinguish them when 
apart, owing to the fact that the reactions of severalW" them are modified by 
■r action of others, lii some of these cases, the interference is pro- 
hably due to simple adhesion between the bases ; in others, to chemical action 
'one base with another. 

The division of the third group, by action of ammomum ebloride, which 
dissolves manganous hydrate, and excess of ammonium hydrate, which dis- 
solves cobalt, nickel and Kinc hydrates, is indicated in thoTalile of Comparison 
(241), and constitutes the first separation used In the Table at 242. If the 
excess of ammoniuin hydrate be decided, the solution of the cobalt, nickel, and 
1 not fail. To dissolve the manganese, the ammonium salt must be 
added abundantly, and the metal must he in the manganous condition (204). 
Hence the oxidation of ferrosumjby nitric acid, must be limited to addition of 
very little nitric acid with very brief boiling, to avoid the formation of man- 
ganic compounds. 

The following precautions are essential to this method of sepnration : (n) 
All hydrosulphuric acid left from the second-group precipitation must be 
expelled, (i) Iron must be obtained in the ferric condition, as staled in the 
Table (242). (c) If citric and tartaric acids, sugar, albumen, and other organic 
substances which prevent precipitation by alkalies are present, they must be 
destroyed by evaporating the filtrate from the second group to dryness ; adding 
a few drops of nilrio acid, gently igniting, then dissolving in water acidulated 
with hydrochloric acid. A carbonaceous residue may be disregarded. 

The separation of Al,(OH)„ from Fq^{OH.)^, and Cr,(OH)„ by excess of 
fixed alkali, as dlrtjsted in 242 A, requires that the alk.ili should be strong 
enough to dissolve the aluminium, and that the boiling should be sufficient to 
precipitate the chromium (154). _ 

244. The separation of CoS and TSiS, from the other sulphides of Group 
III. B, as directed in the Table at 242, is not complete, as has been stated in a 
foot-note of the table. If acetic acid be employed instead of hydrochloric acid 
iL^ solvent, CoS and NiS will bsjeft in the residue without waste ; but now 
chiefly remain undissolved (236 and 241, under H,S). The 

nation of zinc from manganese can be done by treating their sulphides 

K acetic acid, as mentioned in the Table for "Anal, of Group 111., when 
■phatea are present," 797, also by treating their acetates with hydroaul- 

ric acid. 
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245. The following Flan of Separation, chiefly by excess of alkali 
hydrates, jnay be employed as a study : • 

Dissolve the third givup (ammoniam sulphide) precipitate in hydrochloric acUi with avay 
little ])ota8»iuin chlorate. 

In solution : ZnCls, AlaCls, CraCls, MnCls, FeaCle, C0CI3, NiCls. 

Add ammonium chloride, then ammonium hydrate in decided excess^ and Alter and WMb. |-^ 
E€sidue(a): Fe3(OEQ||Al2(OH)6, Or^{GH)t. 
Solution ip): ZnO, MnO^CoO, NiO (as amraonio compounds). 



I, 



Dissolve residue (a) in hydrochloric acid; add excess of potassium hydrate intlieoold. Ii 
Filter. Ii 

Precipitate (c) : Fea(OH)e. (Dissolve in acid and test.) 

Solution (d) : E3AI2O4, Cr203(EaO)» 

BoilJUtraie {d) for eorae time. Filter. "^ 

Precipitate {e) : Cra(OH)e. (Test by 159 (f , etc.) 
Solution (/): E3AI2O4. (Acidulate and t^st, 145, etc.) 
To solution (b) — 

Add sulphide qf ammonium ; filter and wash the precipitate fonned. Digett ^th 
moderately dilute hydrochloric add in the cold, and filter. 

Residue (^): OoS, NiS. (Test 242, B.) 
Filtrate {h): ZnOIa, MnOl,. 

Boil ^^ra/6 {ft) ; add access cf potassium hydrate^ and filter. 
Precipitate : B«n(OH),. (Test by 211, a) 
Solution : E2Zn02. (Acidulate and test, 235, etc.) 

In this plan — besides the difficulty with manganese, explained in 243 — we 
have the difficult solution of chromium in cold, fixed alkali in presence of iron, 
and the uncertain solution of aluminium by alkali in presence of iron. Also, 
the separation of cobalt and nickel, both by redissolving in ammonium hy- 
drate, and by non-solution of their sulphides in hydrochloric acid, are processes 
requiring care, and affi^rding only approximate separation. 

246. The presence of Phosphoric Acid greatly complicates the analysis of the third 
group. Hence, the first proceeding with the filtrate of the second group is to ascertain 
whether it contains phosphoric acid or not. This is most conclusively done, as directed 
in the Table for Grouping (79.3)i"hy the test with molybdate. It will be remembered, 
however, that a solution containing. J^hosphoric acid along with any non-alkali bases must 
have an acid reaction (708). As sooii «s the solution is neutralized, phosphates are preci- 
pitated, and so phosphates are thrown down in third group precipitations. As phos- 
phoric is a non-volatile acid, it must be removed by precipitation. To separate it from 
bases, it must be precipitated from acid solution. This is done, firstly^ as directed in the 
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Table for " Analysis of Group 111. when Phosphates are present " (797), by adding excess 
)f ferric chloride, and then barium carbonate, in a very slightly acid solution. The PO4 
s precipitated as ferric phosphate, with the other two pseudo-triads of the group, alurai- 
aium and chromium, both as hydrates. The phosphates of the pseudo- triads, especially 
ferric phosphate, are less easily dissolved by diluted acids or by acetic acid than any other 
oaetallic phosphates, except, perhaps, lead phosphate. In this way the dyad metals of 
the third and fourth groups are obtained in solution, free from PO4, as they are not preci- 
pitated by barium carbonate. Now the precipitate of Al2(OH)6, Or2(OH)6, Fei(P04)2, 
Btc, is boiled with excess of fixed alkali, which brings the aluminium into solution, 
KaAla04, free from PO4. The chromium is identified, in the very complex precipitate, 
by its oxidation to acid, and the color precipitates of chromate. 

247. Secondly, the phosphoric acid radical can be separated from the alkaline earth- 
metals, and from the dyads of the third group, by ferric salt in presence of obceiic acid 
(248). There must be no other free acid ; the ferric phosphate itself being soluble in hy- 
drochloric and other strong acids. The acetic acid must be strong enough to prevent the 
precipitation of phosphates of calcium, etc. ; and when of this strength it does dissolve 
some ferric phosphate, so that the separation is not very close. Ferric chloride being 
taken as a reagent, sodium acetate is used, so that the chlorine shall be neutralized as 
metallic salt, and not appear iJs> hydrochloric acid : 

Fe^Ola- -f eNaOaHgOa = Te^{CMzOa)^ + 6Na01 
FesOle + eNaOaHsOa -f 2H8PO4 = Fea(P04)a + 6Na01 + 6HOaH,Oa 

In the following table this principle is employed, with certain precautions. Group 
III. A, is obtained by itself; then put with Group III. B, and digested with sulphide; 
because, it is claimed, in this way the phosphoric acid radical is combined with the pseudo- 
triads to a greater extent than when ammonium sulphide is brought to bear upon the 
whole group in solution. After the use of the sulphide, ferrosum may be present and 
again require oxidation, and the free chlorine used for this purpose also secures the solu- 
tion of OoS and NiS. On digestion with the acetate, a precipitate must occur if Fe, Al, 
or Or, is present. This precipitate may contain all these pseudo-triads, when it probably 
will not contain all the PO4 ; or it may contain all the PO«, when it probably will not 
contain all the pseudo-triads. To assure the removal of all the PO4, ferric salt is added. 
The filtrate, is now free from phosphoric acid, and is to be treated essentially as directed 
for the third group when phosphates are absent — obtaining precipitates of Group III. A 
and B, and carrying the filtrate to the fourth group. 
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249. Oxalates have nearly the same deportment in the third group as phosphates, but 
the oxalic acid radical is decomposed altogether by the ignition and oxidation directed in 
243 (c). By the same operation the fluorine at fluorides is expelled, and the silica of sili- 
cotes left behind in the residue. Boracic acid is precipitated slightly in the third group 
of bases, but very little if ammonhim chloride is added in large proportion. 

250. The use of Barium Carbonate for separation of the pseudo-triads from the dyads 
of the third group has been described in 246, as used in the Table at 797. The following 
is another scheme with use of this reagent : 

Plan for Separation by Barium Carbonate. 

Dissolve the third group precipitate in hydrochloric acid with a little potassium 
chlorate (to oxidize ferrosum) ; digest with gentle heat to expel all the free 
chlorine ; neutralize with potassmm carbonate ; filter, if necessary ; add the 
baii,tim carbonate, agitate, and leave to subside in a fiask or test-tube corked 
close to exclude the air Decant, filter ; wash with hot water. 

Precipitate (a) : Fea(OH)«, Or2(OH)fl, etc. (the excess of BaCOs). 

Solution (b) : ZnCl,, MnCl,, CoCl^, NiCl^ ; (BaCl,). 

Dissolve precipitate (a) in dilute hydrochloric acid ; add dilute sulphuric acid to 
complete the precipitate. Filter. 

Precipitate : BaS04. (Reject.) 

Solution (c) : FeaOle, OraOlc, AlsCls. 

Nearly neutralize solution (c) with potassium carbonate ; add excess of potas- 
sium hydrate, and boil for a few minutes. Filter. 

Precipitate {d) : Fea(OH)e, Or2(OH)«. 

Solution (e) : EaAlaO'i. (Determine by 145.) . ^ 

Fuse p7'ecipitate (d) with sodium carbonate and nitrate. Dissolve in hot water, 
and filter. 

Residue (/) : Fe.i(OH)8. (Dissolve in hydrochloric acid ; test by 193.) 

Solution (g) : KaOrO*. (Test by 163, etc.) 

To solution (b), add sulphuric acid to complete the precipitate ; filter out the 
barium sulphate ; nearly neutralize the filtrate with potassium carbonate ; add 
excess of potassium hydrate ; boil a very short time, and filter. 

Solution (k) : EaZnOa. (Add hydrosulphuric acid, 237.) 

Precipitate {%) : Mn(OH)a, Oo(OH)2, Ni(OH)a. 

Wash precipitate (i), dissolve in a little dilute hydrochloric acid, nearly neutralize 
with anmionium hydrate ; add ammonium acetate, and treat thoroughly with 
hydrosulphuric acid. Filter. 

Precipitate (J) : OoS, NiS. 

Solution (k) : Mn(OaH302)2. (Add ammonium hydrate and sulphide— 204, etc.) 

Dissolve precipitate (j) in hydrochloric acid with a little potassium chlorate ; 
nearly neutralize with potassium carbonate ; add solution of potassium cyan- 
ide, suflScient barely to redissolve the precipitate at first produced. Boil 
thoroughly, cool, and filter ; add strong solution of good sodium hypochlorite, 
leave for some time in a warm place (as long as a black precipitate continues 
to form), and filter (230). 

Precipitate (I) : Nia(OH)e. 

Solution (m) : K8(OoOye). (Evaporate to dryness ; test by 217, etx;.) 




Ceeium, Beryllium. 



CfEEIDM, BEETLLIUM, TJRAJSTtJM, TITANIinffl, THALI.IUW. 

251. Cerium and Bi.TjUiTini are classed wilh the nielals of the earths) 
Uranium with the metals allied to iron j Titanium resembles tin in anmo reac- 
tions and silicon in others, forma an acidulous anhydride as its most stable 
oxide, and appears in the third group in consequence of the precipitation of 
this acid fram its acid solutions by alkalies. Thallium resembles lead in soma 
particulars, and the alkali metals in others. 

Cerium, Beryllium, Titanium, and Uranium, appear in Gi-oup III. A ; the 
first three not forming sulphides. Of the four, beryllium only is dissolved 
from the hydrate by excess of fixed alkali, none by ammonium hydrate. Thal- 
lium, as a monad, appears in the first group ; as a triad, in Group til. A, in 
the same way as ferrioum. 

262. OUBJUJa forms two omdes, Oe.Oi or oorons, and OeOi or ccric oxitie ■ also 
ObiOi or teroso-cerie oxide is formed by esposure ot cptous osade to thp sir, an J is tba 
moat stable oxide. The most stable salla of tlii."! metal ate the cerous ; ecroso-eeric sails 
are formed, but mosti/ reduced to the cerous combination by bailing their solutions ; the 
esiatence of eerie salts is unuertiiin.^Pot«B«ium or sodiujn hydrate, precipitates from 
cerous salts the hydrate, Ob(OB)i, white ; changing by chlorine or other oxidizing agents 
to ceroso-ceric hydrate, yellow. — Ammonium hydrate precipitates a basic salt. Alkalies 
do not redissolve their precipitates. — Alkaline oarbonDtea precipitate white cerous dor- 
bottaie, Ce9(00])i,— Ozolates precipitate cerous oxalate, white; first gelatinous, then 
crystalline, converted by ignition into ceroso-oerio oxide. — Potassiimi Bnlpliate preci- 
pitates potBssio-eorous sulphate, (K,SO.)iOej(BOi)i, white, orystalline, inBoluble in excess. 
— Pfliiocyanidea precipitate white cerous fcrrocyunide. — Hydroaulphuric acid veparatea 
from oeriuui the metals of the rooond gi'oup; saturated solntion of potassium sulphate 
separates cerium from zinc, chromium, manganese, iron, cobalt, nickel; also from the 
earth metals, — Barium Carbonate precipitates cerium Tery slowly. The reaction with. 
oxalic acid is characteristic— With borax and microcosmic salt, all compounds of cerium 
give, with the oxidizing blow-pipe flame, a bead, deep red while hot, colorless when 
cold; with the reducing flame, when strongly saturated, a yellow enamelled bead. 

263. BBRYI.LIOM(glucinnm) resembles aluminium, Tt forms a single oside, BeO, 
and a single ciojwo/ soi/a. but forms many basic salts. — Fixed alkali hydratea preci- 
pitate the A(/dra/c, Bo(OH),, resembling aluminium hydrate, soluble in escei^s; amiix»- 
Binm hydrate causes the same precipitate, insoluble in excess or iti cold soluti<m of am- 
monium salts. — Alkali aulpAidea also precipitate the hydrate. — Carbonatea precipitate 
double carbonates, or basic carbonates of berylliam, soluble in ammnniurn earbonale. 
barium carbonate precipitates the chloride, even in the cold,— Phosphates throw down 
BeHPO,, flocculent. Oxalates cause no precipitate. — Forrooyanide of potassium oaiiaess 
after some time, a gelatinous precipitate, — Beryllium is separated and distinguished from 
aluminium, and from zinc, by the solubility of its hydrate and carbonate in excess of 
ammonium carbonate ; from zinc by the indifference of its alkaline solutions to ammo- 
nium sulphide. Dilute alkaline ?olntiona precipitate on long boiling, also, tho hydmtfl 
dissolves in ammonium chloride solution oa boiling, both distinctions from aluminium. — 
EeryUiuin compounds, Ignited with cobalt nitrate, yield a gray mass. Soluble salts of 
beryllium have a sweet taate, 
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2B4. UHAHIUM, companiblo with iron, U heavier, leas easily reduced, and mote 
easily coridiwd, c-hliu'lriixcd, ur sulphidized, than that metal. Bu^idi/^ urunoii» and uranic 
oxides, DOn brown andUOi brUik-reil, tboro are two intermediate oiidee, UjOagreenund 
tTtOj black. Uranium auis as a base in two olasgee of ealta — having Tieur!}' tht mime sta- 
bility a= tilt oomjspniidiiig salts of iron, uranoiu salts with a green color and vi-ame sttlts 
bright yellow ; urutiic oxide aJso acts as an acidulous anhydride, combining with buses to 
form sloblp uranales having a yellow color. The iininic osy-snlta are fiasi>, as uranic 
nitrate, nO](NOi)]: urauic sulphate. UO,(SOij; and the haloid uranic salts nil cnntain 
oxygen; uranio osy-chloride, UOiOl-i; oxy-bromide, UOiBri. 

Dranoua oxide and hydrate dissolve in hydrouhlorlc and sulphuric adds to uranous 
salts; in nitric acid to iininii, salt Dranio oxido and hydrate dissolve in acids to uranic 
aats. 

a. tTranoaB Salt* are precipitated by alkalleB as red-brown uranous hydrate, IT(OH)(, 
Insoluble in excess and in ammoniuui lalts, soon oxidizing In the air to yellow uranic 
oxide and uranate of the alkab niUal llkaii carbonatea precipitate (green) basic car- 
1»nate or hydrate, soluble t» ea-cetn of the precipitant, espi'cisily o/ ammonium carbonate 
or fixed alkaline acid carbonates, to a green solution. — Alkaline EUlphldes precipitate the 
blftCk uranous sulphide, D8„ soluble in very dilute acids, hence not formed from neutral 
Hilts by hydrosnlphurio aoid. Phoiplwt«B give a green uninoua phosphate, finite 

. soluble in adds when recent, not when dry ; oxalates a gray-green, and ferrocyanldesj 
alight brown precipitate. 

b. Unnio salts are precipitated by alkalies as yellow compounds of uranic oxide and. 
alkali— as K,O.(0O3)a.(H,O)s— iiuoZui/e ia excem of the reagent and in ammuidum ealU.. 
A_kali oarbouates prei'ipitute yellow doable carbonates — as K,(UO])(O0j)i — eohibU in 
esroesa of the precipitant, especially of ammonium carbonate or fixed alkali hydrogen car-- 
bonate (separation from Al, Fb, etc.) From these solutions, potassium hydrate pred^- 
tates the uranir" oxide; theaololion in excess of carbonate of ummonium is precipilated. 
by boiling, Barium carbonate precipitates uranic sails completely, a separHlion fromi 
third-group dyads. HTdrosuIphurio acid reduces uranic to uranons salt with iirecipitn-- 
tion of sulphur only ; siJphide of ammonium precipitates uranous sulphide, TTSi, black; 
phosphates throw down nrunic phosphate, yellowish-white, (UOa)H(POO, insoluble in 
acetic acid ; oxEdates, a gray-gi'een uranic oxalat^i (UO,)OiOi ; crystaliine. soluble in 
liot, and nearly insoluble tn cold water; feirocyanidea, a deep red-brown precipitate — a 
delicate tflst ; ferricyanides, no change. 

E. Ignitioii on charcoal does not reduce oxides of uranium to the metallic state. Bo- 
rax and microcosmic salt give, with compounds of uranium, in the outer flame, clear ' 
yellow beads greenish-yellow when cold ; in the inner flame, green beads, dee{>er when 

25fi. TTTANIUM is a metal bearing somewhat singiilar relations. It fonns rcry 
stdble compounds with nitrogen and cyanogen (furnace products) ; it decomposes water at 
the boiling temperature, and bnrus brilliantly ill the air. In its most stable compounds 
it acts as a tetrad; titanic oxide, TiOi. acting as an aciduloui anhydride toward bases 
and having properties and salts resembling those of silicic acid — likewise forming a full 
series of (quadrivalent) titanic salts, as TiOli. The metal also acts as a psen do triad, in 
titatunis oxide, TiiOs, titanous chloride TiiOlt, and a few other salts, all powerful reduo- - 
ing agents, . 

a, Titanous salts make violet-colored solutions (the chloride, nitrate, and sulphate 
dissolve in water), from which alkali hydrates and their carbonates precipitate lilitnous 
hydrate, Ti.,Oj(H,Ol3;. dark brown, changing in the air to titanic acid, HgTlOg; nmnio- 
nium snlphide throws down Die same precipitate, hydroaulphiiric acid producing no 
change; calcium carbonate separates the hydrule. — Ferric and cupric salts are reduced to 



82 Tit Ay tum^Th ALLIUM, 

ferrous and cuprous compounds, and from salts of mercury, silver and gold, the metals 
are separated, by titanous salts, which are thereby changed to titanic compounds. 

b. Titanic salts are mostly insoluble in water, or decomposed by it with precipitation 
of titanic acid, HsO.TiOa or HaTiOs'. Of this compound, there are two modificaliona, one 
soluble and one insolfibre lirhydrochloric and nitric acids; strong sulphuric acid dissolves 
both modifications ; but the titanic sulphate is decomposed and precipitated on dii'iition, 
and the chloride on long boiling (distinctive). Titanic chloride, TiCl4, and nitrate, 
Ti(N03)4, are permanently soluble in water. — From these. Alkalies and their carbonates 
and sulphides throw down the white voluminous titanic hydrate or titanic acid, insoluble 
in excess of the precipitants, and in ammonium salts; the same precipitate is produced by 
barium carbonate. Ferrocyanide of potassium gives a dark-brown precipitate of ti- 
tanic f errocyanide ; tannic acid, an orange precipitate. 

c. Titanates, as shown above, are not formed by treating titanic acid, even when re- 
cent, with aqueous alkalies, but are produced by fusion of titanic acid with alkalies or 
their carbonates. So prepared, the neutral alkali titanates have a yellow color, and are 
decomposed by hot water with separation of insoluble acid titanates of the same bases, 
but soluble in acids as titanic salts. 

(2. Compounds of titanium acids with microcosmic salt, dissolve in the outer ilanfe to 
a clear bead, pale yellow when hot, and colorless when cold. The strong reducing flame 
now turns the bead yellow while hot (reddish when cooling), and violet when cold (titan- 
ous oxide). If sulphate of iron be added, the bead by the inner flame is bleod-red. In 
the borax bead the same reactions are olJtained, less intense. — Ig^tion on charcoal with 
soda does not reduce titanium to the metallic state (distinction from tin). 

256. THAIiLIUM is a metal of exceptional character; in density, fusibility, atomic 
weight, and insolubility of its lower chloride and of both its iodides, it resembles lead, 
and is allied to Group I. ; in the solubility of its hydrates and carbonate, it ranks with 
the metals of the alkalies * It oxidizes readily in the air, vaporizes and burns at the red 
heat, but does not decompose cold or boiling water. It is precipitated from salts by zinc, 
in spongy form. As a monad, its compounds are stable, and not easily oxidized ; as a 
triad, it is easily reduced to the univalent condition. 

a. Thallious oxide, TlaO, is black ; on contact with water, it forms a hydrate, TIOH, 
freely soluble in water and in alcohol, to colorless solutions. The carbonate is soluble in 
about 20 parts of water; the sulphate and phosphate are soluble; the chloride very 
sparingly soluble ; the iodide insoluble in water. Hydrochloric acid precipitates from 
solutions not very dilute, tha/lious chloride, TlOl, white, and unalterable in the air. 
As a first group precipitate, thallious chloride dissolves enough in hot water to give the 
light yellow precipitate of iodide^ TU, on adding a drop of potassium iodide solution— 
the precipitate being slightly soluble in excess of the reagent. Hydrosulphuric acid 
precipitates the acetate, and slightly precipitates strongly acidified solutions, as TloS, 
black, having the solubilities of zinc sulphide, and in the air soon oxidized to sulphate. 
Ammonium sulphide causes a complete precipitation. Ferrocyanides give a yellow 
precipitate, Tl4FeOy6 ; phosphomolybdic acid a yellow precipitate ; and potassium per^ 
manganate, a red-brown precipitate, consisting in part of TlaOs. Ohromates precipitate 
yellow, normal chromate ; and platinic chloride, pale orange, thallious platinic chloride, 
(T101)2PtOl4. Thallium compounds readily impart an intense green color to the flame, 
and one emerald green line to the spectrum (the most delicate test). The flame- 



* Occurring in minute quantities in certain iron and copper pyrites, thallium sometimes contandnates 
crude sulphur, and commercial sulphuric and hydrochloric acids. 
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color and spectrum, from small quantities, are somewhat evanescent, owing to rapid 
vaporization. 

h. Thallio oxide, TlaOs, dark violet, is insoluble in water ; the hydrate, an oxy-hj- 
drate, TIO(OH), is brown and gelatinous. This hydrate is precipitated from thallic salts 
by the caustic alkalies, and not dissolved by excess. Chlorides and bromides do not 
precipitate thallic solutions; iodides precipitate Til with I. Sulphides, and HsS, 
precipitate thdlUous sulphide, with sulphur. Thallic oxide, suspended in solution of 
potassium hydrate, and treated with chlorine, develops an intense violet red color. 
Thallic chloride and sulphate are reduced to thallious salts, by boiling their water solu- 
tions. 
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GROUP n. 



= 63.0 i 



258. Metals whose Sulphides are 

Copper, Cu 

Bismuth, Bi 

Cadmium, . . . . . Cd 

Lead, ...... Pb 

Silver, Ag 

Mercury Hg 

Arsenic, As 



210.0 
111.6 
206.4 
107.66 



Antimony, Sb 



Tin, 



Gold, 

Platinum, 

Palladium, 



• . . 



Sn 

Au 

Pt 

Pd 



= 199.8 -j 

= 74.9 I 

= 122.0 I 

= 117.8 I 



196.2 
196.7 
106.2 



Ruthenium, .... Ru = 103.5 



{ 



Iridium, Ir = 196.7 j 

Rhodium, . . . . . Bh = 104.1 

Osmium, Os = 198.6 

Tellurium, Te = 128.0 

Selenium, Se = 78.0 

Tungsten, W = 184.0 

Molybdenum, .... Mo = 96.0 \ 



Insoluble in Dilute Acids. 

Cu" In cupric compounds. 
CUg'' In cuprous compounds. 

Bi"' In bismuthous compounds. 

Cd" 

Pb" 

Ag' 

Hg" In mercuric compounds, 
Hgg" In mercurous compounds. 

As"' In arsenious compounds, 
As^ In arsenic compounds, 

Sb"' In antimonious compounds, 
Sb^ In antimonic compounds. 

Sn" In stannous compounds, 
Sn'"' In stannic compounds. 

Au'" In auric compounds. 

Pt"" In platinic compounds. 

Pd" In palladious compounds. 

Ku^^^ In ruthenic compounds. 
BuOg, ruthenic anhydride. 

Ir^^^. In iridic oxide. 
Ir"" In iridic dioxide. 

Khg^ In rhodic salts, 

Os^^* In osmic double salts. 

Te" In tellurides. 

Te"" In tellurites (dibasic). 

Te^'* In tellurates (dibasic). 

Se" In selenides. 
Se"" In selenites. 
Se^'^ In selenates (dibasic). 

W^^ In tungstates (dibasic). 

Mo'"' In molybdic compounds. 
Mo^^ In molybdates (dibasic). 
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268. The metals included in this group are less strongly electro-positive 
than those of the other groups. Only bismuth, antimony, tin, and molybde- 
num decompose water, and these only slowly and at high temperatures. The 
oxides of silver, mercury, gold, platinum, and palladium, are decomposed below 
a red heat. Copper, lead, and tin, tarnish by oxidation in the air. In general, 
the second group metals either do not dissolve in acids with evolution of hydro- 
gen, or do so with difficulty. Nitric acid is the best solvent for all, except 
antimony and tin, which are rapidly oxidized by it. 

260. Mercury, arsenic, antimony, and tin, form, each, two stable classes 
of salts. Therefore, the lower oxides, chlorides, etc., of these metals act as 
reducing agents ; and their higher oxides, chlorides, etc., as oxidizing agents, 
each to the extent of its chemical force. Arsenic, antimony, tin, molybdenum, 
and several of the rare metals of this group, enter into acidulous radicals, 
which form stable salts. Arsenic and selenium are metalloids rather than 
metals. Arsenic, antimony, and bismuth, ^belong to the Nitrogen Series of 
Elements, the gradations of which are given in 584. 

261. A large proportion of the compounds of the second group metals are 
insoluble in water. Of the oxides or hydrates, only the acids of arsenic are 
soluble in water. The only insoluble chlorides, bromides, and iodides, are in 
this group. The sulphides, carbonates, oxalates, phosphates, borates, and 
cyanogen compounds, are insoluble. Most of the so-called soluble compounds 
of bismuth, antimony, and tin, and some of those of arsenic and mercury, 
dissolve only in acidulated water, being decomposed by pure water, with 
formation of insoluble basic salts. 

262. The oxides of arsenic, antimony, and tin — in general terms — dissolve 
in alkali hydrates. Oxides of silver, copper, and cadmium dissolve in ammo- 
nium hydrate ; oxide of lead, in fixed alkali hydrate. Metallic lead, like zinc, 
dissolves in fixed alkali hydrate, with evolution of hydrogen, though it scarcely 
decomposes any acid by displacing hydrogen. 

263. Many double salts are formed with the metals of this group. Those 
whose sulphides dissolve in alkali sulphides, owe this property to the forma- 
tion of soluble sulpho-salts or double sulphides. Platinum forms a large num- 
ber of stable double chlorides, soluble and insoluble ; and gold forms double 
chlorides, cyanides, etc. 

264. Mercury, antimony, silver, and gold, do not form hydrates. The 
oxides of gold are very instable. 

265. The metals of this group are all easily reduced to the metallic state 
by ignition on charcoaL Except mercury and arsenic, which vaporize^ and 
certain rarer metals difficultly fusible, the reduced metals melt to metallic 
grains on the charcoal. Mercury and antimony vaporize from the liquid, 
arsenic from the solid state. 
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COPPER. 

266. Copper does not dissolve in acids with evolution of hydrogen ; it 
dissolves most readily in nitric acid, chiefly with the evolution of nitric oxide 
(a) ; also, in hot concentrated sulphuric acid, with evolution of sulphurous 
anhydride (li) : 

a. 30u + SHNOa = 30ti(N08)a + 4H2O + 2NO 
h. Ou + 2HaS04 = OUSO4 + 2HaO + SOa 

267. The atmosphere oxidizes copper very rapidly when in contact with 
solvents of the oxide of copper ; and in this manner the metal becomes oxid- 
ized and dissolved in hydrochloric acid and nearly all acids, in ammonium 
hydrate, in solutions of many salts, in fats, sugars, and other organic sub- 
stances. 

268. Copper forms two oxides, and corresponding series of salts : cuprous 
salts being infrequent and instable compounds, nearly all insoluble in water, 
and easily resolved into metallic copper and cupric salts j the stable and repre- 
sentative compounds of the metal. 

269. Cupric salts are readily reduced to cuprous combinations by most 
strong reducing agents acting with alkalies^ as, by sulphites (a) with free 
alkali (difficultly, without alkali) ; by arsenious acid, with excess of alkali; by 
glucose, and certain other sugars and organic materials, with excess of alkali. 
Also, by ferrous salts, in presence of iodides (279 b). Metallic iron and zinc 
separate, from solutions of cupric salts, metallic copper, without formation of 
cuprous salt. 

a, 2CaS04 + 4SOH + SOa = OuaSOi + 2EaS04 + 2H2O 

270. CUPROUS oxide — Cu^O — is of a brownish red color ; cuprous hy- 
drate — CUj,(OH)3 — brownish yellow. Cuprous salts are insoluble in water. 
The chloride, CUj,Cl,, dissolves in strong hydrochloric acid to a colorless solu- 
tion, which turns green in the air. 

From (Ms aolution^ water throws down the cuprousi chloride, white ; fixed alkalies, 
in small quantity, neutralize the free acid, and precipitate the white cuprous chloride ; 
in larger quantity, precipitate the yellow cuprous hydrate, insoluble in excess. Ammo- 
nium hydrate and ammonium carbonate, in excess, redissolve the hydrate, and dissolve 
the oxide to a colorless solution, which turns blue on exposure (274). Potassa reprecipi- 
tates the ammonia solution. Soluble carbonates precipitate the yellow cuprous car- 
bonate, CuaOOs. — Iodide of potassium precipitates the white cuprous iodide, Cusia, 
without liberation of iodine (279, h). — Hydrosulphuric acid and sulphides precipitate 
CusS, black. — Phosphates, oxalates, cyanides, and ferrocyanides, precipitate their re- 
spective cuprous salts, white ; ferricyanides, brown-red. — With the blow-pipe, cuprous 
salts behave like cupric compounds (282). 
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271. CUPBIC oxide is black; the hydrate, light blue. Cupric salts, in 
crystals or solution, have a green or blue color ; the chloride (^aq.) in solution 
is emerald-green when concentrated, light blue when dilute; the sulphate 
(5 aq.) is " blue vitriol." Anhydrous cupric salts are white. The crystallized 
chloride is deliquescent ; the sulphate, permanent ; the acetate, efflorescent. 

272. Cupric hydrate, basic carbonate, oxalate, pliosphate, borate, arsenite, 
sulphide, cyanide, ferrocyanide, ferricyanide, and tartrate, are insoluble in 
water. The ammonio- oxide and most of the ammonio salts, the potassio and 
sodio cyanides, and the potassio and sodio tartrate, are soluble in water. In 
alcohol, the sulphate and acetate are insoluble ; the chloride and nitrate, solu- 
ble. Ether dissolves the chloride. 

Copper is easily identified by reduction with iron to the lustrous metallic 
state (280) ; also, by the blue solution with excess of ammonium hydrate (274), 
used as a separation from bismuth. 

273. Fixed alkalies — EIOH — added to saturation in solutions of copper 
salts — precipitate copper hydrate, Cu(OH),, deep blue, insoluble in excess, 
soluble in ammonium hydrate (if too much fixed alkali is not present), very 
soluble in acids and changed by boiling or by standing, to the black, basic hy- 
drate, Cu^Oj^OB.)^, If tartaric acid, citric acid, grape sugar, milk sugar, or 
certain other organic substances are present, the precipitate either does not 
form at all, or redissolves in excess of the fixed alkali to a blue solution. The 
tartrate alkaline solution may be boiled without change ; in presence of sugar, 
the application of heat precipitates the yellow cuprous hydrate (280). The 
addition of alkali hydrates, short of saturation, forms insoluble basic salts, of 
a lighter blue than the hydrate. 

274. Ammonium hydrate, added short of saturation, precipitates the 
pale blue basic salts ; added just to saturation, the deep blue hydrate (in both 
cases lihe the fixed alkalies) ; added to supersaturation, the precipitate dis- 
solves to an intensely deep blue solution. The blue solution consists of com- 
pounds of cuprammonium, (N^H^Cu)", a diammonium formed by the substi- 
tution of an atom of copper for an atom of hydrogen in each of two semi-mole- 
cules of ammonium, NH^NHgCu. The cuprammonium oxide is united w^ith 
ammonium salt, as(K',HgCu)0.(K'H,),SO, and (K',H^Cu)0.(K'H,Cl), : 

OuSO* + 4NH4OH = (NaH60u)0.(NH4)aS04 + 8H3O 

From this solution the fixed alkalies in strong solution precipitate the blue 
hydrate, and on boiling the black oxide, CuO. 

275. Ammonium carbonate, like ammonium hydrate, precipitates and 
redissolves to a blue solution. Carbonates of fixed alkali metals — as BI«CO. 
— precipitate the greenish-blue, basic carbonate, Cu(OH)2CuCOg, of variable 
composition, according to conditions, and converted by boiling to the black, 
basic hydrate (273), and finally to the black oxide. Barium carbonate preci- 
pitates only on boiling, a basic carbonate. 
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276. Hydrosulphurie aoid, and soluble suIphideH, precipitate copper 
tulphide, CuS, blii^k, tbnued alike iii acid solutiuiis (distinction I'rom ii'on, 
niaiigaueae, cobalt, nickel), and in alkaline solutions (distinction from arsenic, 
antimonj, tin). — Solutions coiitainiiig only the one-hund red- thousand th of cop- 
per salt are colored brownish lij- the reagent. The precipitate, CuS, is easily 
soluble by nitric acid {a) (distinctiou from mercuric sulphide) ; with difficulty 
soluble by strong hydrochloric acid (distinction from antimony) ; insoluble in 
hot dilate sulphuric acid (distinction from cadmium) ; insoluble in fixed alkali 
sulphides, and but slightly soluble in ammonium sulphide (distinction from 
arsenic, antimony, tin); soluble in solution of potassium cyanide {}>) (distino- 
tion from lead, bismuth, cadmium, mercury) ; soluble in solution of potassium 
carbonate. 

. a. 3CuB + 8HNO, = 3Cu(NO,), + 3S + 4H;0 + SKO J 
b. CuS + 4KCy = (KOyl,CuCy, + KjS ^ 

277. Phosphates ^as Na,HPO,— give a bluish-white precipitate of co/;j>fir 
phosphates; CuHPO,, if ihe reagent is in excess; Cu,{PO,)j, if the copper 
salt is in excess; ihe precipitittes slightly soluble by acetic acid. — Oxalates 
precipitate cuprtc oxalate, CuC,0„ bluish-white, insoluble in acetic acid, and 
formed from mineral acid sails of copper by oxalic acid added %^itb ulkuii 
acetates. — Normal potassium ghromate precipitates brown-red baaic cupric 
chromate, somewhat soluble in water, — Araenites, as KjAsO,, or arsenious 
acid with just sufficient alkali hydrate to neutralize it, precipitate from solu- 
tions of cupric salta {not the acetate), the green copper arsenUe, chiefly 
CuHAsO, {Scheele's green, " THris green "), readily solable in acids and in 
ammonium hydrate, decomposed by strong potassium hydrate solution. From 
cupric acetate, arsenites precipitate, on boiling, copper aceto-arsenite, (CuO- 
A8,0,),Cu(C,H30,),, Schweitifurt green, or Imperial green, " Paris green," 
dissolvi'd by ammonium hydrate and by acida, decomposed by fixed alkdies. 

378. Alkaline cyanides — as KCy— precipitate at first the yellowish green 
cyanide, CuCy„, soluble in excess of the reagent by formation of potassium 
cupric. cyanide, {KCy),CuCy,. The cuprift cyanide precipitate is instable, 
becoming cuprous, or euprosn-cuprie cyanide, Cu,Cy, ; ihe latter unites with 
ammoniinn hydrate, forming several green to blue salts, mostly soluble in 
water. Ferrooyanides — as K,PeCy, — precipitate the copper ferrocyanide. 
Oil FeCy , redilish-brown, insnliible by ncjiis, decomposed by alkalies. In 
highly dilute solutions, a reddish coloration, without precipitate, is seen. Fer- 
rioyanidea — as K,FeCy„ — precipitate copper ferricyanifle. CTi,(FgCy,)„ yel- 
lowish-green, insoluble in hydrochloric acid. Sulphocyanates, with sulphur- 
ous acid, precipitate cuprous svlphocyanate, Cfu,(Cy8)„ white (dlstinclion 
from cadmium). 

279. Soluble iodides precipitate, from concentrated solutions of copper 
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salts, cuprous iodide, CUjIj, white, colored dark brown by the iodine sep^ 
rated in the reaction (a). The iodine dissolves with color in excess of the re- 
agent, or dissolves colorless on adding ferrous sulphate or soluble sulphites, bj 
entering into combination. Cuprous iodide dissolves in thiosulphates (with 
combination). 

The cuprous iodide is precipitated, free from iodine, and more completelji 
by adding reducing agents with iodides ; as, Na,SO,, H^SO,, PeSO^ (J). 

a. 2OUSO4 + 4KI = Ou,Ia + 21 + 2KaS04 

h. 2OUSO4 + 2KI + 2FeS04 ^ Ouala + K,S04 4- Pea(S04)j 

2OUSO4 + 4KI + HaSOa + HaO = OuJa + 2KaS04 + H.SOf + 2HI 

280. Metallic copper is reduced and separated from cupric solutions by 
iron, zinc, cobalt, nickel, lead, cadmium, bismuth, tin, and phosphorus. A 
bright slip of iron in solution of cupric salts acidulated with hydrochloric acid, 
receives a bright copper coating, recognizable from solutions in 120,(K)0 parts 
of water. Zinc acts most promptly in contact with platinum, as by use 
of a platinum dish, when the copper is deposited on the platinum ; when mi- 
nutely divided as a precipitate, the copper is dark brown to black. Fiflely 
divided zinc can be removed by solution in hydrochloric acid. Nitric acid, 
and tartaric acid, interfere with this reaction : 

CUSO4 + Fe = On + FeS04 
(For every 63 parts of copper deposited, 55.9 parts of iron are dissolved.) 

For detection of minute traces of copper, by metallic reduction, Ha^r directs as fol- 
lows : The material is obtained in solution acidulated with acetic acid. The end of a 
platinum wire is inserted just within the eye of a large sewing-needle, around which the 
wire is wound. The coil is left in the solution three or four hours, at a temperature of 
25* to 30° C. (77° to 86** F.) The presence of copper is indicated by a black-brown coating 
on the platinum wire, but more closely determined by further treatment. The needle is 
now withdrawn, the platinum wire is washed by gentle introduction into water, placed in 
a test-tube, treated with four or five drops of nitric acid and a few drops of diluted sul- 
phuric acid, warmed, boiled to expel all nitric acid, and an excess of ammonium hydrate 
added. 

Arsenious acid (385 d ), certain sugars, and many organic compounds, 
reduce cupric salts with fixed alkali hydrate, to a yellow precipitate o^ cuprous 
oxide and not to metallic copper. 

Sodium thiosulphate, added to hot solutions of copper salts, gives a black preci- 
pitate of cuprous sulpMdey with formation of sulphate and free sulphur. In solutions 
strongly acidulated (with hydrochloric acid), this is a separation from cadmium. 

281. Ignition with sodium carbonate on charcoal leaves metallic copper in 
finely divided grains. The particles are gathered by 'triturating the charcoal 



mass in a small mortar, with the repeated adJitlan anil decantation of wate^' 
until the ccipper subsides clean. It is recognized by its color, and its softness 
usder the kcire. 
*- 282. Copper readily dissolven, from its compounds in beads of borax and 
of microcoamic sail, in the outer flame of the hlow-pipe. The beads are green 
wh'lfi hot, and Mue when cold. In the inner flame, the borax bead becomes 
colorless when hot; the microcosmic salt turns dark green when hot, both 
having a reddish-brown tint when cold (CUjO), (helped by adding tin, 789). 

283. Compounds of copper, heated in the inner flame, color the outer 
flame green. Addition of hydrochloric acid increases the delicacy of the reac- 
tion, giving a greenish- blue color to the fiame. 
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284. A hard, brittle metal, of a moderato lusti'u and a rc^ddish graj-whito color, 
iridescent from superficial oxidation, a crystalline laminated fractiu«, fmible at £ 
(5WF.), and slightly volatile at high temperatures. 

3S6. Bismuth is but slightly oxidized in the air at ordinary temperatures, rapidly.i 
a red heat; it takes flre in chlorine, and unites readily with bromine, iodine, and sulpht 
Hydrochloric aeidaoareely attacks it ; boiling sulphuric acid saliiies it with separation, 
sulphurous anhydride, but it dlBSoIveH much the most readily in nitric ac: 
lion of lower oxides of nitrogen, 

2&6. Bismuth forms one stable oxide, which is represented in permanent aalts, bit- 
mulhouB oxide, BiiOg, yellow-white. Bismuth monoxide, BiO, black, is more readily 
oxidizablc than the melal. Bismuthic anhydride, BiiOi, bi-own, forms red bismuthttes 
vith the alluLli mctalK, decomposed by water. Bisiniithic acid, HBiOi, is a red powder, 
insoluble in water. There are several intermediate oxides, unions of those here named. 
Bismuth is at the metallic extreme of the "nitrogen group," compared in 584. Bismulb- 
ous salts are not very easily affected by oxidizing or reducing agents; the hydrate, how- 
ever, is reducible (297). They have an unusual tendency to ftosic formations — the chloride 
forming oxy-ehlorides, etc. The chloride is dsllquesoent ; the nitrate, permanent. 

287. The sulphide, hydrate, basic carbomite, phosphate, chromate, borate, 
[inlphite, oxalate, iodide (295), cyanide, ferrooyanide, ferricyanide, tartrate, ci- 
trate, tannate, and valerianate, are insoloble in water. The chloride, bromide 
(295), nitrate, chlorate, and sulphate — when taken as normal salts— are 
soluble in water acidulated with their respective adds, or with other acids 
forming "soluble" bismuth salts; but are decomposed by pure water, with 
partial solution and partial separation of insoluble basic salts — (261 and equa- 
tions in 288). The ammonio citrate is soluble in water without decomposition; 
and the decomposition of the normal chloride, nitrate, and sulphate, is pre- 
vented by the addition of comparatively smi^l quantities of acetic, citric, and 
certain other organic acida. The acidulated, water-saturated solutions of the 
nitrate and chloride may be considerably further diluted with alcohol, without 
disturbance. 

In analysis, bismuth is precipitated alone, from the nitric acid aolullon of 
second group sulphides (455), after removing lead (and silver), by adding 
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excess of ammonium hydrate, a separation from copper and cadmium. The 
precipitation by water (288) suggests bismuth. 

288. Water precipitates, from the acidulated bismuth solutions, white 
Sosic 5a//5 (see equations below), which contain less of their acid radicals in 
proportion as greater quantities of water are added, and some of which can be 
washed on the filter until almost pure hydrate or oxide. The precipitation is 
most complete with the chloride, and with other salts is promoted by addition i 
of hydrochloric acid or chlorides ; hence, it may occur as a first group preci- 
pitate. All the precipitates are readily soluble in hydrochloric and nitric acids ; 
not in tartaric acid (distinction from antimony). Acidulation with certain 
organic acids (in accordance with the statement in 287) prevents the precipita- 
tion: 



BiCls 



+ 



Bi(NOs), + 



HaO 



Bi(N03)a + 2HaO 

4Bi(N08)8 + 6H3O 



= BiOOl + 

= (a) BiONOs.HaO + 

=. (&) Bi406(N08)3.HsO + 



8H3O = {c) Bi(OH;8 

(a) BiOCNOs) or Bi308.N30» 
(h) Bi405(N08)i> or 2Bi30s.N,,06 



+' 



3H01 
2HNO, 

lOHNOs 
SHNOs 



289. The alkali hydrates precipitate from bismuth solutions — in absence 
of tartaric acid, citric acid, and certain other organic substances — the white 
Msmtdh liydratBy Bi(OH)j, insoluble in excess of the reagents, converted by 
boiling to the oxide, Bi^O^, yellowish-white. Certain reducing agents turn the 
precipitate black (297). 

290. The carbonates precipitate basic bismuth carbonate, Bi^OjCOj, white, 
insoluble in excess. Barium carbonate forms the same precipitate, without 
heating. 

291. HydrosTilphuric acid and sulphides precipitate bismuth sulphide^ 
Bi^Sj, black, insoluble in dilute acids and in alkali hydrates ; insoluble in alkali 
sulphides (distinction from arsenic, tin, antimony), and in alkali cyanides (dis- 
tinction from copper). It is soluble by moderately concentrated nitric acid 
(distinction from mercury), the sulphur mostly remaining free. 

292. Soluble chromates — both K^CrO^ and K^Cr^O, — precipitate the yel- 
low, basic bismuth chromatf, ^^{CvO^^^ distinguished from that of lead by 
its insolubility in fixed alkali hydrate. 

293. Phosphoric acid and soluble phosphates precipitate bismuth phoS' 
phate, BiPO^, insoluble in five per cent, nitric acid (distinction from other 
phosphates, except stannic phosphate), insoluble in dilute acetic acid, readily 
soluble in hydrochloric and sulphuric acids. — Arsenic acid and arseniates 
form a precipitate corresponding to the phosphate in composition, and having 
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the same solubilities. It will be seen, that free phosphoric and arsenic acids 
can precipitate nitrate, but not chloride of bismuth (19) ; phosphates and 
arseniates precipitate both. 

294. 'Oxalic acid and oxalates precipitate bismuth oxalate, ^\{^S^^i^ 
white, insoluble in dilute acids. 

295. Fotassimn Iodide produces in slightly acidulated solutions of bis- 
muth salts — not acidulated to excess with hydrochloric acid — a dark brown 
precipitate of bismuth iodide^ partly basic, soluble in excess of the reagent, in 
hydrochloric acid and in hydriodic acid — in each case with a brown tinge to 
the solution, not soluble in dilute nitric acid.* 

Bromides precipitate a basic salt, soluble in acid. 

296. Alkaline cyanides precipitate the white hydrate, Bi(OH)3, with 
formation of hydrocyanic acid. The precipitate is insoluble in the reagent. — 
Ferrocyanides form a white to yellow precipitate ; ferricyanides a yellow 
to brownish-yellow precipitate — both normal bismuth salts, and both insoluble 
in acids.- 

Tannic acid throws down bismuth tannate, yellow. 

297. Metallic bismuth is reduced from bismuthous solutions, mostly as a 
spongy precipitate, by zinc, iron, tin, lead, copper, and cadmium. 

Potassium or sodium stannite (K^SnOj, when added in excess to bismuth 
solutions, causes a black precipitate, from reduction to bismuth monoxide^ 
BiO, a very delicate reaction. The stannite is made, when wanted, by adding, 
to stannous chloride solution, in a test-tube, enough sodium or potassium hy- 
drate to redissolve tho precipitate at first formed (430). 

The basic bismuth nitrate is reduced by grape sugar, in a warm solution 
of fixed alkali carbonate, with formation of a blackish-b»own liquid and dark- 
gray sediment containing bismuth monoxide. Also, the recent bismuth hy- 
drate, in suspension with the excess of fixed alkali, is reduced by digestion with 
grape sugar or .milk sugar to a black precipitate. 

298. On charcoal, with sodium carbonate, before the blow-pipe, bismuth 
is readily reduced from all its compounds. The globule is easily fusible, brit- 
tle (distinction from lead), and gradually oxidizible under the flame, forming 
an incrustation (Bi^O,), orange-yellow while hot, lemon-yellow when cold, the 
edges bluish-white when cold. The incrustation disappears, or is driven by 
the reducing flame, without giving color to the outer flame. 

♦ This precipitate, at the moment of its formation in concentrated solutions, is doubtless normal bis- 
mnthons iodide, Bils, which is gradually decomposed by water, more rapidly in dilute solutions, forming 
basic iodide (oxy-iodide) with separation of hydriodic acid. The oxy-iodide of the composition Bid is 
stated to be insoluble in solutions of alkali iodides, while this precipitate is soluble in these solutions, even 
after decomposition by much water. 

The reaction of iodides, with bismuth solutions, differs in degree but not in kind from that of chlorides 
^88); the normal bismuth iodide only requiring stronger acidulation to hold it in solution than the normal 
chloride. Also, intermediate between the behavior of these two lies that of bismuthous bromide. The 
aqueons iodides form a very delicate test for even quite strongly acidulated solutions of bismuth salts, and 
thie bismathous iodide may not Improperly be classed as an " insoluble ^^ salt (287). 



94 Cadmium. 

299. With borax or microcosmic salt, bismuth gives beads, faintly yellow- 
ish when hot, colorless when cold. 



CADMIUM. 

300. A tin-white, lustrous metal, softer, more fusible and more volatile than tin, 
melting at about 350' C (682** F.), and vaporizing at 860° C. (1,580* F.) It oxidizes but 
slowly in the air at ordinary temperatures; at its boiling point it bums rapidly to oxide, 
which is not decomposed by heat alone. It dissolves slowly in hot, modera4;ely dilute 
hydrochloric or sulphuric acid, with evolution of hydrogen ; in nitric acid, more readily 
with generation of nitrogen oxides. — Cadmium forms a single oxide, Od"0, yeDowish- 
brown, and a corresponding series of salts, from which it is reducible, in the wet way, 
only by strong reducing agents. It forms numerous double salts, especially haloids.— 
The hydrate, sulphide, carbonate, oxalate, phosphate, cyanide, ferrocyanide and ferricy- 
anide are insoluble in water. The chloride and bromide are deliquescent, and soluble 
in alcohol as well as water ; the iodide is permanent, and soluble in water and alcohol; 
very sparingly in ether. The ammonio-oxide and the pota,ssio and sodio cyanides are 
soluble in water. 

In analysis, cadmium is separated from other members of the second group, 
along with copper: and separated from copper, as sulphide (470). 

301. Fixed alkalies precipitate from solutions of cadmium salts — in ab- 
sence of tartaric and citric acids, and certain other organic substances — the 
white hydrate^ Cd(OH)3, insoluble in excess of the reagents (distmction from 
zinc). Ammonium hydrate forms the same precipitate, which it redissolves. 
Alkali carbonates precipitate CdCOg, white, insoluble in excess of the reagents. 
Barium carbonate forms a complete precipitate, in the cold, — Hydrosnlpliurio 
acid and sulphides throw down the sulphide, CdS, yellow ; insoluble in cold 
dilute acids, in alkalies, and in alkali sulphides or cyanides, soluble in hot and 
dilute sulphuric acid (compare 276). — Alkali ehromates precipitate yellow 
cadmium chromate, from concentrated solutions only, and soluble on addition 
of water. — Phosphates form a white precipitate, readily soluble in acids; 
oxalates and oxalic acid, cadmium oxalate, white, difficultly soluble in acids. 
Potassic cyanide precipitates CdCy,,, white, soluble in excess of the reagent, 
as (KCy),CdCy2 ; ferrocyanides form a white ; ferri cyan ides, a yellow preci- 
pitate — both soluble in hydrochloric acid, and in ammonium hydrate. — ^Zinc, 
and especially magnesium, reduce cadmium from acid and from ammoniacal 
solutions, as a spongy gray precipitate. 

On charcoal, with sodium carbonate, cadmium is reduced before the blow- 
pipe to metallic salt, and usually vaporized and reoxidized nearly as fast as 
reduced, thereby forming a characteristic brown incrustation (CdO). This is 
volatile by reduction only, being driven with the reducing flame. — Cadmium 
oxide colors the borax bead yellowish while hot, colorless w^hen cold; micro- 
cosmic salt, the same. 



Comparison of Bismuth, Copper^ and Cadmium, — Lead. 
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302. Comparison of Certain Reactions of Bismuth, Copper, and Cad- 
mium. 

Taken in solutions of their Chlorides, Nitrates, Sulphates, or Acetates. 



SOH or NaOH, in ezoess. 



NB4OH, in excess. 



IMlution of saturated solu- 
tions. 

Zodides. 



Sulphides. 



Iron or Zinc. 



Sugar, EOH and heat. 



Bi. 



Bi(OH)s, white 
(289). 

Bi(OH)8, white 
(289). 

BiOCL etc., white 
(288). 

Partial precip., in 
solutions not 
very strongly 
acid (295). 

BiaSs, black, insol. 
in cyanide (291). 

Bi (spongy precip ) 
(297). 

BiO and Bi (black) 
(297). 



Cu. 



Cu(OH)a. dark 
blue (278). 

Blue solution (274). 



Partial precipitate 
completed oy re- 
ducing agents 
(279). 

CuS, black, sol. in 
cyanide (276). 

Ou (bright coat- 
ing) (280). 

Ou2(OH)a (yellow) 
(280). 



Cd. 



Cd(OH)a, white 
(301). 

Colorless solution. 



No pre. 



CdS, yellow, insol- 
luble in cyanide. 

Od (gray sponge). 



LEAD. 



808. Lead is a soil and malleable metal, of a bluish-gray oolor, highly lus- 
trous on fresh surfaces, slightly lustrous after exposure ; fusible at 325° C. (617® 
F.), and very slowly volatile by ignition. It tarnishes in the air at ordinary 
temperatures by formation of diplumbic monoxide, Pb^O, blackish gray. Pure 
water, free from air, does not affect lead, free from oxide or hydrate, in the 
cold; but granulated lead slowly decomposes boiling water, with evolution of 
hydrogen, and formation of lead hydrate, Pb(OH)j. In water containing 
air, the hydrate and basic carbonate are formed. This corrosion and solution 
are greatly promoted by nitrogenous organic matters — ammonium salts, and 
nitrates and nitrites — and by chlorides ; hindered or prevented by carbonates, 
acid carbonates and sulphates. Above the melting point, lead gradually oxid- 
izes in the air to ** litharge," PbO. 



9G Lead, 

304i Lead oxide, PbO, is a yellow powder, fusible to a reddish-yellow mass, soluble 
in acetic and nitric acids, in lead acetate solution, and in potassium and sodium hydrates. 
This oxide represents the only permanent salts of lead. Lead salts are, however, capable 
of oxidation, with production of less stable products (820). All the higher oxides of lead 
are reduced to PbO by ignition. 

Lead forms two basic acetates j or **subacetates": (1) PbsOaCOaHsOa)?,, triplomlnc 
dioxy-diacetate, or "tribasic acetate," forming the chief portion of the pharmacopcei^ 
solution of subacetate. (2) Diplumbic oxy-diacetate, PbaO(OaHsOa)2, or " dibasic ace- 
tate," of less common occurrence. 

305. Triplumbio tetrozide, Pb804, **red lead " or minium, is a well-known pigment 
of a scarlet color. When heated, it first becomes 'brighter red, then turns violet. With 
nitric acid, it is gradually resolved into insoluble lead dioxide and lead nitrate, PbOs and 
Pb(N03)a, the mixture acting as a strong oxidizing agent. Reducing agents, as oxalic 
acid, tartaric acid, or sugar, enable all the lead to be dissolved as nitrate (a). Hydro- 
chloric acid in excess slowly dissolves triplumbic tetroxide, with generation of chlo- 
rine (6): 

a. PbsO* -f 6HNOs + HaOa04 = 8Pb(N03)a + 4HaO + 200, 

b. PbaO* + 8H01 = SPbOla -f 201 + 4HaO 

306. lieadjdiozide, PbOa, " peroxide of lead," is a brown powder. It is not soluble 
in^itrip acid, Except by aid of reducing agents. It dissolves in hydrochloric acid, with 
formation of lead chloride and chlorine. In acetic and phosphoric acids, with carefcd 
treatment, it forms ** peroxyplumbic salts." Very strong solution of potassium hydrate, 
in large excess, dissolves it, with formation of ** potassium plumbate," SaPbO*. Lead 
dioxide is a powerful oxidizing agent, one of the strongest known. Digested with am- 

. monium hydrate, it forms lead nitrate and water. Triturated with one-sixth x)t sulphur, 
or tartaric acid, or sugar, it takes fire ; with phosphorus, it detonates. (In study of lead 
dioxide as an oxidizing agent, see 835.) 

307. Dilute nitric acid is the proper salifying solvent for lead, forfning plumbic 
nitrate with evolution of nitric oxide. Concentrated nitric acid forms insoluble oxide. 
Lead does not dissolve in dilute sulphuric acid, cold or hot, or in concentrated sulphuric 
or hydrochloric acid, in the cold ; but hot sulphuric acid, containing less than twenty-five 
per cent, water, forms lead sulphate, sparingly soluble in the concentrated acid; and hot 
concentrated hydrochloric acid forms, with evolution of hydrogen, and dissolves, a 
limited proportion of lead chloride. Dilute hydrochloric acid forms chloride, but dis- 
solves little of it. 

308. The oxide, and hydrate (formed in water, 803), are eoluble in 7,000 to 10,COO 
parts of water, to which they give the alkaline reaction. The sulphide, carbonate, phos- 
phate, chromate, sulphite, borate, cyanide, ferrocyanide, and tannate^ are insoluble in 
water. The sulphate and oxalate are very slightly soluble in water ; the chloride, iodide, 
bromide, and ferricyanide, are sparingly soluble in hot water, still more sparingly soluble 
in cold water. The sulphate and chloride are less soluble in dilute sulphuric and hydro- 
chloric acids than in pure water, but much more soluble in the same acids concentrated 
than in water. Nitric acid increases the solubility of the sulphate and chloride in water, 
more and more, as the nitric acid is stronger — the salts separating again on diluting the 
nitric acid solution. The sulphate and chloride are insoluble in alcohol. The iodide is 
moderately soluble in solutions of alkaline iodides, insoluble in alcohol, decomposed by 
ether. The basic acetates are permanently soluble (if carbonic acid is strictly excluded). 
The basic nitrates we but slightly soluble in water, and are precipitated on adding solu- 
tions of potassium nitrate to solution of basic lead acetate (304). 



In analysis, the solubility of ihe chloride, sparing as it ia, enables lead to 
be separated from the other first group metala (313). As a final precipitate^ 
in both first and secood groups, the sulphate is most used. The sulphide proiM 
dpitate exceeds other tests iu delicacy. ^ 

SOB. Fixed alkalies precipitate, from solutions of lead salts, lead hydrate, 
Pb(OH),, white, soluble in excess of the reagents, by combination, as potas- 
sium or .sodium phimbite, K^PbO, (distinction from silver, mercury, bismuth, 
copper, cadmium). All the precipitates of lead hereafter given, exc^t the 
sulphide, are soluble in strong solutions of the fixed alkali hydrates. ' 

The alkaline solution of lead ia precipitated by alkaline solutions of chro- 
mic, stannic, stannous, onlitnonioua and arsenioiis oxides. 

A tntn finiurn hydrate precipitates white basic salts, insoluble in excess 
(dislinetiun from silver, copper, cadmium) ; with the chloride, the precipitate is 
Pb,OCl, ; with the nitrate, Pb.OjOHNO,. With the acetate, in solutions of 
ordinary strength, excess of ammonium hydrate (free from carbonate) gives no 
precipitate, soiuble tribasic acetate being formed. 

310, Soluble carbonateB precipitate lead basic carhonate, white, the car- 
bonate and hydrate combined in proportions varied by conditions. With 
excess of the reagent, in concentrated solution, the precipitate consists chiefly 
of Pb,(0H)5(CO5),. Free carbonic anhydride precipitates the basic acelilte, 

311. Hydrosulphuric acid and the sulpbideB precipitate — from neutral, 
acid or alkaline solutions— Zenc/ stdphide, PbS, brownish-block, insoluble in 
highly dilute acids, in alkalies, or alkali sulphides. Moderately dilute (15 to 
25 per cent,) nitric acid dissolves the precipitate, with separation of sulphur 
(equation a) ; concentrated nitric acid changes it mostly to the (insoluble) lead 
sulphate (equation J) — in both cases with evolution of nitric oxide. The oxida- 
tion of the sulphur always occurs in the action of nitric acid on sulphides, 
in degree proportioned to the strength of acid, temperature, and duration of 
contact : 



a. 3PbS -\- 8HN0, = 3Pb(NO,), -|- 83 + SNO -\- 4H-0 
6. 3PbS + 8HNO3 = nPbSO. + «NO + 4H,0 

In solutions too strongly acidulated, esjiecially with hydrochloric acid, 
formation of brick-red basic sulphides, as Pb^SCl,, interferes with perfect pi 
cipitatiou ; in Bolutiona excessively dilute, only a brown coloration occurs w 
out precipitation. Lead is revealed in solutions in 100,000 parts of water, 
this test. 

312. Sulphuric acid ami sulphates precipitate, from neutral or acid soliT 
tinns, had sulphate, PbSO,, while, not chemically changed or permanentiy 
ilissoived by iicids, except hydrosulphuric acid, yet slightly soluble in strong 
acids, as more parliculnrly staled in 30R. Soluble in boiling ammonium ace- 
tate, and in the fixed alkalies. For solution by tran»position into soluble salts. 
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e 323. Soluble in warm sodium thiosulphate solution, ut temperatures not 
alH>ve 68" C. (154° F.); in hot solution, lead sulphite being formed, inaoSuble ' 
ill thiosulphate; distinction and separation from, barium sulphate, which do« 
not dissolve in thiosulphtites. 
, This test is from five to ten times less delicate than that with hydroBol- 
phiiric acid; but lead is quantitatively separated as a sulphate, hy precipitatiitg 
wi;h sulphuric acid in presence of alcohol, and washing with alcohol. If the 
PbSO, is heated with K,CrOj, transposition takes place, and the yellovr 
PbCtO, is formed (31ti). The yellow precipitate is soluble in fixed alkali hy- 
drates, then reproduced by acptic acid. Also, excess of potassium iodide trans- 
p'lses lead sulphate, the yellow product (315) being a distinotion of lead from 
barium. 

313, Hydrochloric acid and soluble chlorides precipitate, from solu- 
tions not too dilute, lead chloride, PbCl,, white. This reaction constitutes 
lead a member of the FIEST GROUP— as it also is of the second. The 
Bolubility of the precipitate is such (308), that the filtrate obtained in ihe.cold 
gives marked reactions with hydrosnlphurio acid, sulphuric acid, chromates^ 

: etc.; and that it can be quite accurately separated from silver chloride and 
mercurous chloride by much hot water. Also, small proportions uf lead 
escape detection in the first gronp, while its removal is necessarily aecom- 
pliahed in (he second group. 

314. Soluble Bromides precipitate lead bromide, PbBr,, whitOj solubl 
water to about the same extent as the chloride ; in concentrated solutions, the 
precipitate dissolves in excess of the potassium bromide, as (KBr),PbBPj, 
which is decomposed and precipitated by dilution with wal«r. Also soluble 
in hot solutions of ammonium chloride and nitrate. 

'815. Soluble Iodides precipitate lead iodide, Pbl„ bright yellow and 
arystallioe, soluble in about 1,900 parts of cold or 200 of hot water; soluble 
in hot moderately concentrated nitric acid, and in solutions of fixed alkalies 
(309), not in cold hydrochloric acid; soluble in excess of the alkali Iodides, 
by formation of double iodides — with deficient excess of potassium iodide, 
forming BUPbl, ; with superabundance of the same reagent, forming (Kl)^Pb^, 
these double iodides requiring free alkali iod ic to hold them in solution, and 
being partly decomposed by undue addition of water, with reprecipitation of 
the lead iodide. Lead iodide is not precipitated in presence of sodium citrate; 
Klkaliue acetates also hold it in solution to some extent, so that it is less per- 
fectly precipitated from acetate than from nitrate of lead. i 

318. Soluble Chromates— both K^CrO, and EjCr,0,::r-p*«cip!tate lead 
chromate, PbCrO,, yellow, soluble in fixed alkali hydrates (distinction from 
bismuth), insoluble in chromic acid (distinction from barium), slijihtly soluble 
in acetic acid, decomposed by hydrochloric acid and by animonium hydrate.- 

317. Diaodium hydrogen phosphate precipitates trimetallio lead phoa- 



dilute acetic acid (compare 188), soluble 



lie, Pb,(PO.}„ white, insoluble i 
■icucid ai:d tixed alkalies: 

3Pb(NOj), -t- 3Na,HPO. = Pb3{PO,), + GKaNO, + HsPO. 

H,PO. -I- NajHPO, = 2NaH,PO. 

ITS, if there is excess of phosphate, the full reaction will be : 

3Pb(N08), + 4Na5HPO. = Pb,(PO.)i + 6NaNO, + 2NaH,PO, 



Alkali oxalatss precipitate^ lead oxalate, PbOgO^, white, insoluble in Eieetio 
solnbie in potassium and soilium hydrate solutions, and in nil.rie acid. 

Alkali BolphiteH— as Na,90,— precipitate lead sulphite, PbSOi, white, less soluble 
water than the sulphate, slightlj soluble in sulphurous acid, deeompOHed by sulphuric, 
nttric, and hydrochloric acids. 

318. Soluble oyasidea — as KOy — precipitate lead cyanide, PbCya, white, soluble in 
a very large escess o! the reagent, reproelpitated ou lioiling — pBrrocyanides — as 
KiPeCTs — precipitate ferroctjanide, Pb,(PsOr.), iTKBlubie in ddute ai-ids — Ferri- 
ByBnidBB form, in concentrated solutions, a dark brown precipitate slightly '>olnb!e in 
water. — Sulpbooyanatea form, in concentrated solutions, a yellow crystalline precipitate 
of leai tnilpluKi/intate, Pb(OTS)i, soluble iu water, decomposed on boiling' with precipita- 
tion of basic sulphocyanale, FbOH(07S], white. 

319. Tannic acid precipitates solutions of lead acetate, and partly the nitrate, as 
yellow-gray lanniite of lead, soluble in acids. Solution of lead acetate preeipitates a large 
number — and solution of lead subacetate a still larger cumber — of otganic acids, color 
snbatances, resins, gums, and neutral principles. Indeed, it is a rule, with few escep- 
tions, thai lead subacetata removes all organic acids {not acetic, formic, butyric, valeric, 
or Uclic). Ainmoniacal snluliou of lead acetate is nsed as a reagent, as a form of basic 
aceUtfi (309). 

320. Certain strong oxidizing ageots, acting in solutions of lead salts, cause a pre- 
cipitate o( lead dioxide, PbOj (300). This result is obtained by satarating solution of 
lead acetate or alkaline solution of lead salts, or solution of lead nitrate, with gaseous 
cblorine or with strong solution of hypochlorite. Lead dioidde is formed by fusing 
lead oxide with potassium ohlorata. 

t reduced to the metallic state by placing zinc, iron, 
rongly- electro-positive metal, in a solution of lend salt, 
dark-gray, spongy mass, loosely adherent to the preei- 
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321. Lead s^b a' 
magnesium,. (if other . 
The lead sepnrates as 
pitattcg metal, 

sas. On ctiarc 
carbonate, l^ad is 
lead oxide forms 
when cold d 
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,oal, before the blow-plpe, iilone or more readily with sodium 
reduced to malleable globules; while an incrustation of 
around the mass— dark-yellow when hot, sulphur-yellow 
by the reducing flame, but non-volatile wilhout reduction. 



The presence tiE this incrustation, in the reducing flaine, imparts a blue coloT to 
the outn- fiame. 

323. When a salt of lead is fused with sodium carbonate on charcoal, 

the acid of the lead salt combines with ihe r^oilium i but the corresponding 
Itirmation of lead carbonate is prevented by the .reducing power of the char- 
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coal, which takes oxygen and forms carbonic anhydride — liberating the car- 
bonic anhydride of the sodium carbonate, and metallic lead, thus: 

2PbS04 + 2Na,OOs + O = 2Pb + 2Na,SO« + 300, 

fn this way, lead sulphate is resolved, by transposition, into compounds soluble 
in Mater or acids. The further reducing action of the carbon, however, changes 
the sulphate into sulphide of sodium (67T). By fusion with sodium carbonate 
in a crucible, transposition is effected without reduction, thus : 

PbSO* + Na,00, = NaaSO* + PbO + CO, 

In the decomposition in this manner of soluble salts of lead, we have the re- 
verse of the chemical change which takes place in solution — an example of the 
general principle stated in the latter portion of paragraph 20. Thus, the 
change shown in the following equation, is essentially the reverse of the changes 
indicated in 313 : 

PbOla + NaaCOs = 2NaCl + PbO + CO, 

324. With borax and microcosmic salt, strictly in the outer fiame, lead 
oxide and oxidized compounds give a bead yellow when hot, becoming colorless 
when cold; due to formation of lead borate or phosphate, fused in the glass. 
If the least reducing action is allowed to bear on the bead, the test is^ spoiled, 
and the platinum wire is spoiled likewise. (See, under Platinum, 479.) 



SILVER. 

326. A metal of brilliant white lustre, very malleable, softer than copper, fusible at 
1,020° C. (1,838° P.)> and nearly non-volatile at furnace heat.— It is not oxidized by water 
or air at any temperature, but is oxidized by ozone, is readily attacked by chlorine, 
bromine, or iodine, and is soon tarnished in air containing hydrosulphuric acid, or in con- 
tact with sulphides or certain organic substances containing sulphur, by formation of 
silver sulphide ; also, by substances easily liberating phosphorus, as silver phosphide. As 
silver is easily reduced from its salts, these act as oxidizing agents of considerable force. 

326. The proper solvent of silver is nitric acid, most efficient when about fifty per 
cent., but active whether concentrated or dilute— with production of nitric oxide as the 
chief residual product. Hot concentrated sulpliuric acid forms sulphate, which is^spar- 
ingly soluble ; and hot concentrated hydrochloric acid forms silver chloride, slightly 
soluble in the concentrated reagent, but precipitated on dilution. The fixed alkalies do 
not act upon silver in the wet or dry way ; hence, silver crucibles are used instead of 
platinum for fusion with caustic alkali. Silver, in the form of a precipitate, is very 
slowly acted upon by strong aqueous ammonia, dissolving as a nitride. — There is but a 
single series of salts of silver — those represented by Ag', and sometimes designated 
argentic salts. By reduction of silver salts, an argentous oxide, Ag40, and a correspond- 
ing chloride, are formed. By action of ozone on the metal, a superoxide, AgO, is pro- 
duced. 

327. The nitrate, acetate, and sulphate form permanent anhydrous crystals. The 
salts o£ silver are chiefly colorless, except the ortho-phosphate and arsenite, yellow ; the 
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32B. Silver forms a grentter nuitiber of insoluble salts than any other metal; though, 
in thia respeat, there is but little difference between the flrst-group hasea. The oxide, 
. sulphide, chloride, bromide, bromate, iodide, iiidate, cyanide, lerrocyanide, ferrieyanidB, 
oarbonate, oXHlute, phosphate, arsenite, ursetiiate, sulphite, and tartrate, are iiuolu'ble 
in watery the sulphate is soluble in SOO purts of cold, and less than 100 parts of boiling 
■water. The acetate is soluble in 100 parts of water. The borate, thiosulphale, and 
citrate, are very sparingly soluble in water. , The ammonium silver oside and the nume- 
rous aniiannium silver salts, the double eyanidEs, iodides, and thiosulphates of silver and 
alkaline metulti, are soluble in water. The chloride is sparingly soluble in strong hydro- 
chloric, iiimi'ly inaoluble iu nitric and dilute sulphuric acids; solubla, to some slight 
Ktbeat, in solutions of all soluble tuetHlHi; chlorides (except calcium and zinc chlorides), 
espeoially soiubie with sodium chloride (double chloride being formed); also aoliiblo with 
certain other alkali salts, and in concentrated solution ol mercuric nitrate. The nilrate 
ia sparingly soluble in alcohol and in ether, and soluble in glycerine. 

329. Both the oxy-salts and haloid salts of silver, which are insoluble in water, are 
deeoinpoeeil and dissolved by ammonium hydrate, except the sulphide and iodide; by cold 
dilute nitric acid, except the chloiide, bromide, iodide, bromate, iodate, and the haloids 
of cyutiogen and its compounds; by solution of potassium cyanide, except the sulphide; 
and by alkali thiosulpbates, almost without exception. 

In analyslB, silver is completely precipitated as a chloride, in the first 
group (332), and the solubility of this precipitate in ammonium hydrate sepa- 
rates it frum the other first group bnscs (448). Reduction to metallic silver ia 
sometimes employed in analysis (340). 

880. The fixed alkali hydratea precipitate, from solutions of silver salts 
(in absence of citrates), silver oxide, Ag,0, grayish-hrown (264), insoluble in 
excess of the reagents; easily soluble in nitric, acetic, and sulphuric acids, and 
in ammonium hydrate; somewhat soluble in ammonium salts; soluble iu 
alkali cviinides and thiosulphates ; also, soluble in about 3,000 parts of water, 

Aiamomuin hydrate, in neutral solutions of silver citrate, forms the same 
precipitate, silver oxide, very easily dissolving in excess, by formation of awi- 
moninm silver oxide, NH^AgO.* In solutions containing much free acid, all 
precipitation is prevented by the ammonium salt formed. 

The ammoniacal solution ot siUer is precipitated by addition of excess of 
fixed alkalies. This pieoipitate coittBAoa fulminating silver — a black powder, 
which explodes with dangerous violence by friction or by drying above ordin- 
:y temperatures. Fulminatmg silver may also be deposited from am.moniacal 
lutiotis of silver, on standing, and by digesting oxide of silver with strong 
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ammonium hydrate. Its production, in the way first mentioned, is most 
favored by a slight excess of the fixed alkali.* 

331. Hydrosulphuric acid and alkali sulphides precipitate from neutral, 
acid, or alkaline solutions, silver sulphide, Ag,S, black, soluble in moderately 
concentrated nitric acid (distinction from mercury), not in solution of potas- 
sium cyanide (distinction from copper) ; insoluble in alkali sulphides (distinc- 
tion from tin, etc.) 

332. Hydrochloric acid and the soluble chlorides precipitate silver 
chloride^ AgCl, white, curdy, separating on shaking the solution ; turning 
violet to brown in the light (from formation of argentous chloride, Ag,Cl), 
very easily soluble in ammonium hydrate, as ammonio silver chloride, (IfH,),- 
(AgCl),. The precipitate, also, is slowly soluble in concentrated solution of 
ammonium carbonate; and is fusible without decomposition. For solubilities 
of the precipitate — indicating the conditions of delicacy in the test- — ^see 328 
and 329. This precipitation is the most delicate of the ordinary tests for sil- 
ver ; being recognized in solution in 250,000 parts of water, and enables us 
wholly to remove this metal IN THE PIBST GROUP of bases. 

333. Soluble bromides precipitate silver bromide, AgBr, white, with a 
slight yellowish tint, but slightly soluble in excess of potassium bromide, and 
much less easily soluble in ammonium hydrate than silver chloride (536). — 
Soluble iodides precipitate silver iodide, Agl, pale yellow, easily soluble in 
excess of the reagents by formation of double iodides, as KIAgl. The double 
iodide, is decomposed by dilution with much water, and all the silver repreci- 
pitated as iodide. The precipitate is scarcely at all soluble in ammonium hy- 
drate (one part dissolving in 2,600 parts often per cent, solution of ammonia). 
Concentrated nitric acid slowly dissolves it. Regarding other solubilities of 
argentic bromide and iodide, see 328 and 329, and 536 and 558. 

334. Potassium cyanide, or hydrocyanic acid, precipitates, from neutral 
or slightly acid solutions, silver cyanide, AgCy, white, quickly soluble in ex- 
cess of the reagent, as potassium silver cyanide, KCyAgCy. By formation of 
these double cyanides, the various compounds of silver are rendered soluble, 
through treatment with alkali cyanides ; also, a soluble iodo-cyanide is formed. 
Silver cyanide is readily soluble in ammonium hydrate, and promptly decom- 
posed by hydrochloric acid. 

335. Potassium ferrocyanide precipitates silver ferrocyanide,Ag^PeCyj, 
yellowish-white, difficnltly soluble in ammonium hydrate, not decomposed by 
hydrochloric acid, changed by nitric acid to the ferricyanide. Exposure to the 
air gives it a blue tinge. — Potassium ferricyanide precipitates silver ferri- 
cyanide, reddish-yellow, soluble in ammonium hydrate. 



* The composition of this substance, known as Berthollet's Fulminating Silver, has not been deter- 
mined, but it contains nitrogen. It is distinct from the silver fulminate, AgTaCyaOa, represented by fol- 
minic acid, and isomeric with cyanates. 
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336. Alkali oarbonateB precipitate silver carhnnate, Ag^COj, white or 
yellowish-while, aiijrhlly soluble in water, soniewbut soluble in excess of fixed 
alkali carhonSites, quite soluble in amiDonium carbimate ; soluble in nitric acid 
and in auimoniuin hydrate; changed by boiling to silver oxide. Barium 
carbonate does not aETect solution of silver nitrate. 

337. Oicalic acid, and oxalates, precipitate silver oxalate, AgiCiO., white, slightly 
soluble in water, sparingly soluble by dilute nitric acid, reailily soluble in solution of 
armuuciuui hydrate. It detonates when heated. 

338. DiBodium hydrogen phosphate precipitates trimetallic silver oriho-phosphate, 
AggFO., yellow, soluble in dilute nlLrie acid, in phosphoric acid, and in aramonium 
bydratfi; but little soluble in dilute acetic acid, — Pyrophospiiates — as Na.PiOi — precipi- 
tate silver pyrophosphate, AgtF^Oi, white, insoluble in acetic acid, soluble in dilute 
nitric and phosphoric acids, and in ammoniuin hydrate. 

339. AtsenlBteB— S.S HaiAsOi — precipitate red-brown silver ars&iiaCe, AgsAsOi, hav- 
ing the same solubilities as the ortho-phosphate. — ArsenlteB— as NaiAsOi — precipitate 
eUver arscnite, AgiABOi, yellow, quicldy saluhle in dilute acids and in ammonium 
hydrate (equation at 370). 

OhromateH — as EgOrO. — preeipitats silver cbromate, AgiCrOt, dull-red, sparingly 
soluble in water, not much more soluble in dilute nitric acid. 

Thioaolphatea — as NaiSjOa — precipitate silver thinsulphate, AgsSjO,, white, very 
instable, and rL-udUy soluble in excess o1 the preeipitants, by formation of Uouble thiosn!- 
pbates. That formed by sodium thiosulphate is lirst NaAgSiOi, ^Hh excess of the 
thiosulphate, NaiAgi(BiOi)s ; and corresponding thiosniphates of silver and potassium 
are (omiod. By standing or heating, the precipitate turns black, as AgiS. 

340. Silver is very easily Reduced to tha Metallic State, from, solutions of its salts, 
from ammoniucal solutions, and especially from its solutions in cyanides, by reducing 
agents, including the following : Zinc, copper, iron, magnesiuni, lead, bismuth, mercury; 
arsenious acid, arBenious hydride (S77); aiitiinonious hydride (411); ferrous salts, staunous 
sails. snlphnrouB acid, sugars, formic acid, certain volatile oils, tmil msny other organic 
substances. The reduced silver appears as a brown-black precipitate, or in some condi- 
tions as a white lustrous coating. A bright strip of copper, introduced into a solution of 
silver nitrate, receives ft lustrous sjiver coating (see equation in 380). A globule of mer- 
onry, placed in a concentrated solution of silver nitrate oti a watch-glass, becomes covered 
■witii a deposit of silver amalgam in arborescent form — the silver tree, arbor Diance. A 

■ mftse o( recently precipitated silver chloride, acidulated with hydrochloric or sulphuria 
acid, on introducing a piece of rfno without agitation, is steadily reduced throughont, 
aa shown by the advancing boundary of dark brown color in the mass. SOver oxide, oa 
recently preoipitaled by flsed alkali, or silver chloride with flsed alkali, treated with cane 
■agar or grape sugar, turns brownish black, as precipitated silver. The same form of 
precipitate is obtained by the larger number of reducing agents. By a gradual reduc- 
tion of the silver with certain reagents, it is obtained as a bright aileer eoahng upOn the 
inner surface of the teat-tube, or other glass vessel. A somewhat dilute solution of ara- 
monio nitrate of silver, treated with a dilute alooholio solution of oils of cloves and cassia 
— the latter solution not in excess — gives this result. The coating is also obtained by add- 
ing to aolntion of silver nitrate a very little aqueous solution of chloral hydrate, and then 
a alight excess of ammonia; the ammonium fprmiate, gradually produced by decomposi- 
tion of the chloral with alkali, deoxidizes the amraonio silver nitrate, A silver deposit on 
glaM may sometimes be made to assume the form of a compact and lustrous coating, by 
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rubbing with a glass rod. In these deoxidations, generally, the nitric acid radical d 
silver nitrate is not decomposed, but nitric acid is left. 

2AgNOs -f- H,0 = 2Ag -f- 2HNOs + O 

Sec, as an example, the statement of the reaction between arsenious hydride and silver 
nitrate, under Arsenious Acid (377). 

Light decomposes most compounds of silver, with blackening from formation of 
metallic silver or of argentous oxide, Ag40, or of both. The nitrate in crystal or pure 
water solution, the phosphate, iodide, and cyanide, are not decomposed by light alone; 
but light greatly hastens their decomposition by organic substances, or other reducing 
agents — as of solution of silver nitrate in rain-water, or written as an ink upon organie 
fabrics. 

341. Silver nitrate and chloride fuse undecomposed, but decompose at a higher heat 
Most silver compounds, heated in the glass-tube, leave a metallic residue. On Oharooal, 
with sodium carbonate, silver is reduced from all its compounds in the blow-pijie flame, 
attested by a bright malleable globule. Lead and zinc, and elements more volatile, may 
be separated from silver by their gradual vaporization under the blow-pipe. Copper and 
iron are removed along with larger quantities of lead, previously added for this purpose, 
either as metallic lead or by reduction from litharge. (See descriptions of CupeUaHon, 
in works on general chemistry, and more fully in works on assaying of precious metals.) 
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342. A tin-white, lustrous metal, liquid at temperatures between -40** and 360° C. 
(-40° and 680° F.), slightly volatile at ordinary temperatures. Divided in globules in- 
visible to the unaided eye, and separated by minute films of liquid or solid foreign matter, 
mercury' appears as a dark gray powder, exceedingly mobile. It is not oxidized by agita- 
tion with air or oxygen — ^the tarnish acquired on the surface of commercial mercury, by 
exposure to the atmosphere, being due to intermixture of foreign metals* but by agita- 
tion with water, or with various substances, the metal is ** extinguished," or divided to 
the gray pulverulent form, which contains some mercurous oxide when so prepared. 
Also, the gray pulverulent mercury is precipitated by reduction from salts in solution. 
Aqueous solutions of alkali chlorides, with access of the air, gradually act upon mercury 
by formation of mercuric chloride. Solution of potassium permanganate oxidizes mer- 
cury — forming mercurous oxide, manganic hydrate, and potassium hydrate. 

343. The most effective solvent of mercury is nitric acid. It dissolves readily in the 
dilute acid with heat, or in the cold, if nitrous acid is present; with the strong acid, heat 
is soon generated ; and with considerable quantities of material, the action acquires an 
explosive violence. At ordinary temperatures, dilute nitric acid, when applied in slight 
excess, produces chiefly normal mercurous nitrate, but when the mercury is in excess, 
more or less of basic mercurous nitrate is formed ; hot dilute nitric acid, in excess, forms 
chiefly mercuric nitrate ; when the mercury is in excess, both basic mercurous and basic 
mercuric nitrates are formed — in all cases, chiefly nitric oxide gas is generated. Ohloiine 
— in aqueous solution, or formed in nitro-hydrochloric acid — dissolves mercury slowly, to 
mercuric chloride. Hydrochloric acid, at ordinary temperatures, does not affect mer- 
cury; and the concentrated acid, by long boiling, scarcely attacks it. Bromine and 
iodine promptly unite with mercury. Dilute sulphuric acid does not act upon mercury; 
but the concentrated acid, when heated, dissolves it with moderate rapidity, evolving 
sulphurous anhydride. 



Mercury. ]05 

344, Mercury forms two well-marked oxides — HgaO, black, and HgO, red — and two 
corresponding classes of salts— the mercurous compounds being permanent in the air, 
but changed by powerful oxidizing agents to mercuric compounds. The latter are some- 
what more stable, but act as oxidizing agents in many relations. Mercury as a noble 
metal is not stl'ongly electro-positive ; and many reducing agents change mercuric com- 
pounds, first to mercurous combinations, and then to metallic mercury. 

Solutions of mercurous and mercuric salts redden litmus. Mercuric chloride is per- 
manent ; nitrate, deliquescent. 

345. MiBBCUBOUS compounds, of ordinary occurrence, are insoluble in 
water, except the noi-rnal nitrate ; the sulphate and the acetate are sparingly 
soluble (that is, in 300 to 600 parts of water). And these require acidulated 
water for their full solution ; becoming decoirvposed hy water, at a certain de- 
gree of dilution, with precipitation of basic salts (261). 

Mercurous chloride is very slowly soluble by cold concentrated solutions 
of alkali chlorides, somewhat moi*e rapidly when heated, the solution being due 
to formation of mercuric chloride and mercury. Dilute hydrochloric acid, at 
ordinary temperatures, fails to dissolve mercurous chloride ; but when heated 
it gradually causes the formation of mercuric chloride and mercury, the action 
being very slow w^ith dilute acid, tolerably rapid with concentrated acid. In 
presence of certain organic substances, the resolution into mercuric chloride and 
mercury takes place at 38° to 40*^ C. (100° F.) Free chlorine, and nitric 
acid, quickly dissolve mercurous chloride, as mercuric salt. 

In analysis, mercurous compounds are precipitated, from solution, as chlo- 
ride, in the first group (350), and this precipitate is distinguished from others 
in the group, by blackening with ammonium hydrate (448). The identification 
of mercury, by reduction to metallic state, is the same as with mercuric com- 
pounds (363). 

346. Fixed alkali hydrates precipitate, from solutions of mercurous 
salts, mercurous oxide, Hg^O (264), black, insoluble in alkalies. 

347. Solution of ammonium hydrate produces black precipitates; that 
from solution of mercurous nitrate being (^'B.^^^'NO^, nitrogen dihydrogen 
dimercurous nitrate,* black, insoluble in alkalies, soluble in acids : 

SHgNOa + 3NH4HO = NHaHgaNOa + NH4NO8 + 2H2O 

Mercurous chloride, white, is changed by ammonium hydrate to (NH^HgJCl, 
nitrogen dihydrogen dimercurous chloride, or dimercurous ammonium chloride, 



♦ The compounds produced by action of ammonium hydrate on mercury compounds are considered as 
substitutions of Hg: for a certain number of atoms of H in NH4 (ammonium). The substitutions formed 
from fnercuroua compounds contain (200 parts by weight or) one atom of Hg" (acting as a monad) for each 
atom (i part) of H displaced ; they are termed mercurous-ammoniums ; mercurosammonium being NH3- 
Hfir; di-mercurosammonium, NHaHgTa ; tri-mercurosammonium, NHHgTs, etc. The substitutions 
formed in ammonium by mercury from memtric compounds contain one atom of Hgr (acting as a dyad) for 
two atoms of H displaced ; they are designated as mercuramraoniums ; mercurammonium being (STL^^- 

; di-mercorammoniam, NHaHg* ; tri-mercurammonium, (XH)2Hg's ; tetra-mercuramonium, NHfiTa* 
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black (distinction from lead)^ decomposed by acids, insoluble in ammonium 
hydrate (distinction from silver) : 

Hg„Cl, + 2NH4HO = NHaHgaOl + NH4OI + 2H3O 

348. Solutions of the carbonates of the fixed alkali metals precipitate an 
instable mercurous carbonate, Hg^CO,, gray, blackening to basic carbonate 
and oxide when heated. Ammonium carbonate reacts like ammonium hydrate 
(347). Barium carbonate precipitates mercurous salts, in the cold. 

349. Hydrosulphuric acid, and soluble sulphides, precipitate mercurous 
sulphide, Hg^S, black, containing variable proportions of HgS and Hg, into 
which it is soon resolved without change of color. The precipitate is insoluble 
in nitric acid, hydrochloric acid, or ammonium sulphide. The sulphides of the 
metals of the fixed alkalies— Na,S and K,S — slowly change mercurous to mer- 
curic sulphide, and sparingly dissolve it (359, equation J). 

350. Hydrochloric acid and soluble chlorides form a white precipitate 
of mercitrous chloride, Hg^Cl,, " calomel " — placing the mercurous base IN 
THE FIRST GBOUP. For relations of the precipitate to solvents, see 345 ; 
to ammonium hydrate, see 347 ; fixed alkalies blacken it by formation of Hg^O 
(346). 

351. Soluble bromides precipitate mercurous bromide, Hg^Br^, yellowish 
white, insoluble in water and in alcohol, insoluble in dilute nitric acid. 

352. Soluble iodides precipitate mercurous iodide, Hg^I^, greenish-yel- 
low — *' the green iodide of mercury." The precipitate from mercurous nitrate 
contains more or less mercuric iodide ; that from the acetate is nearly pure 

Mercurous iodide is nearly insoluble in water, insoluble in alcohol (distinction from 
mercuric iodide), somewhat soluble in ether, slowly soluble in part by aqueous solutions 
of alkali iodides (excess of the precipitants), being first decomposed to mercuric iodide 
and mercury, which last remains undissolved : 

Hgala + 2KI = Hg + (KI)aHgl9 

Ammonium hydrate solution slowly and partially dissolves mercurous iodide. 

By sublimation, and to some extent by exposure to light, mercurous iodide is changed 
to mercuroso-mercuric iodide, HgLHgls, yellow — with separation of metallic mercury. 
When the precipitate by iodide of potassium, in solution of mercurous nitrate, is made in 
very dilute solutions or is allowed to stand for some time, it consists chiefly of this — ** the 
yellow iodide of mercury." It is strictly insoluble in alcohol ; melts and sublimes unde- 
composed, and is affected by alkali iodides like mercurous iodide. 

363. Alkali cyanides, also hydrocyanic acid, resolve mercurous salts into metallic 
mercury, a gray precipitate, and mercuric cyanide, which remains in solution. — Ferro- 
cyanides form a white, gelatinous ; ferricyanides, a red-brown precipitate. 

Alkali phosphates — as Na2HP04 — precipitate the white mercurous phosphate, 
Hg8P04, when the reagent is added in excess ; the yellow mercurous phosphate-nitrate, 
HgsP04.HgNOs, when mercurous nitrate is in excess. — Chromates precipitate the 
orange-yellow mercuroiis chromate, basic ; changed by dilute nitric acid to the normal 
HgaCr04 ; by strong nitric acid changed to mercuric chromate, and dissolved. — Oxalic 
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acid and oxalates precipitut* the wiiite merrurous oxalate, BgaCiO., slightly boIuMu in 
dilute nitviu ucid. 

Soluble lulphateH precipitate, from solntions not dilute, the white mereurous eulpkait, 
BgtSOi, spuringly soluble in water (345); decompoand by boiling water with precipitatiim 
af a basic sulphate; more soluble in dilute nitrio acid ; blackened by ammonium hydrate 
and flsud alkalies (distinction from other sparingly soluble sulphates). 

354. Mereuroua compounds 
agents that reduce mercuric con- 
agents Ciipubta of converting n 
fully specified in 362, As to o 
The reactions in the dry way are nearly the s; 
pounds (363). 

855. MBBCUBIC oxide, sulphide, iodide, 
phosphate, arseniate, araenite, fern icy an ide, aiio 
The bromide is soluble in 250 parts of cold, o 
boiling water. The acetate 
sparingly, soluble in water, 
the alkalies and alkaline eai-ths, are soluble in water — that is, mercuric iodide ia 
soluble in aqueous solutions of alkali iodides. The double bromides disaolve 
in a sinuller proportion of water than the bromide. Except the chloride, the 
ordinary mercuric aalts which are soluble in water are so only by presence of 
free acid, being partially decomposed by water, Avith separation of basic salts 
(261). In work with solution of mercuric nitrate, some of the reactions are 
modified by the free acid, always present. — Mercuric sulphate is soluble in 
very dilute sulphuric acid. — The chloride is soluble in about 12 parts of cold, 
or two to three pai'ts of boiling water ; freely soluble in alcohol and in ether. 

in analyEis, the second group precipitate of mercury sulphide is separated 
by its insolubility in nitric acid (464). The final form, in determination of 
mercury, is usually the metallic state (362 a, or 363). 

356. Solutioi^a of the fixed alka,li hydrates, added short of saturation, to 
Bolutioiis of mercuric salts, precipitate reddlah-hrown basic edits ; "v/hev. the 
reagent is added to supersaturation, the orange-yellow mercuric oxide, HgO, 
is precipitated. Pi-epared in the dry way, mercuric oxide is obtained red — 
the " red precipitate " of the shops. From very acid solutions, the precipitate 
is incomplete or does not form at all, owing to its solubility in alkali salts. It 
is very slightly soluble in water. In presence of an ammonium salt, the white 
precipitate (357) la formed. Certain organic acids interfere with the precipita- 
tion. 

357. Ammonium hydra,te produces a "white precipitate," recognizable 
in very dilute solutions (compare 5S)) ; that with neutral solution of mercuric 
chloride being (NH,Hg)Cl, nitrogen dihydrogen mercuric chloride, or dimer- 
curammonium chloride («) — (347) ; that with hot dilute solution of mercuric 
nitrate and excess of ammonia being (WHg,)!? 0„ nitrogen dimercucio nittata 
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{b). The precipitates arc easily soluble in hyrlrochloric acrtl ; sparingly solu- 
ble in btroiig animoniiini hydrate, which should not be used in excess in precipi- 
tation. Tlioy are also more or less soluble in ammonium salts, and especially 
in ammonium nitrate Therefore, the precipitation by ammonium hydrate is 
always in some degree incomplete ; and that of the acid mercuiic nitrate is de- 
cidedly diminished, and in very dilute solutions prevented altogether, by the 
ammonium salt formed in the reaction (as shown in equations a and b). A 
soluble combination of ammonium chloride with mercuric chloride, (NH^Cl),- 
HgCl^, or ammonium mercuric chloride, called " sal alembroth," is not preci- 
pitated by ammonium hydrate, but potassium hydrate precipitates therefrom 
the white mcrcurainmonium chloride, (N.HgHg)Cl3 (c). 

a. HgOla + 2NH4OH = (NH2Hg)01 + NH4CI + 2HaO 

b. 2Hg(N08)2 + 4NH4OH = (NHg2)N08 + 3NH4NO, + 4HaO 

c. (NH401)2HgCl2 + 2KOH = ([NH3]aHg)Ol2 + 2K01 + 2HaO 

Ammonium carbonate reacts like ammonium hydrate (compare 59). 

358. Potassium and sodium carbonates precipitate first red-brown basic 
salts, which, by excess of the precipitants with heat, are converted into the 
yellow mercuric oxide. The basic salt formed with mercuric chloride is an 
oxy-chloride, HgCl2.(HgO)3, 3^or4)' ^^'i^h mercuric nitrate, a basic carbonate, 
(HgO)3HgCI03 or (HgO)^CO,. — Barium carbonate precipitates a basic salt 
in the cold, from the nitrate, but not from the chloride. 

359. Hydrosulphuric acid, gradually added to solutions of mercuric vUts, 
forms at first a white precipitate, soluble in acids and in excess of the mercnric 
salt; by further additions of the reagent, the precipitate becomes yellow- ., 
orange, then brown, and finally black, insoluble in hydrochloric or nitric acid. 
This progressive variation of color is characteristic of mercury, and is also pro- 
duced by ammonium sulphide. The final and stable precipitate is mercuric 
sulphide, HgS ; the lighter colored precipitates consist of unions of the original 
mercuric salt with mercuric sulphide, as HgCl^.HgS, the proportions of HgS 
being greater with the darker precipitates. When sublimed and triturated, 
the black mercuric sulphide is converted to the red (vermilion), without chemi- 
cal change. 

Mercuric sulphide is soluble by free chlorine (nitro-hydrochloric acid) (a) ; 
not affected by nitric acid (distinction from all other metallic sulphides) or by 
hydrochloric acid ; insoluble in ammonium sulphide (distinction from tin, anti- 
mony, arsenic) ; somewhat soluble in solutions of sulphides of potassium and 
sodium, by formation of double sulphides (b) soluble in alkali hydrates or sul- 
phide solutions, but decomposed by pure water ; also, slowly and partially 
soluble in fixed alkalies, by formation of alkaline sulphides (c). 

a. HgS + Cla = HgOla + S 



3Hg8 + aKOH = E,B.Hg8 



HgO 



B,0 



S60, Soluble bromides piTcipitate, from concentrated solution of merciirio 
nitrate (not from the chloride), the white mercuric bromide, HgBr,, soluljle in 
water (355), tho solution giving the mercuric reactions, and beiug ]ireelpitable 
by reduction (362) to mercurous bromide (351). The precipitate is decomposed 
by strong o 
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melimes designated the iodo-hydrar. 
gyrate of potassium) is precipitated by ammonium hydrate, and by the alka- 
loids (see Nessler's Test, 58). Dilute acids precipitate the mercuric iodide. 

381. Soluble normal chromateH precipitate, from very concentrated solu- 
tions, basic mercurio chromates, orange yellow to red; considerably soluble in 
water, more soluble in solution of mercupio chloride or nitrate. Soluble 
phosplmtes, as Na,HPO,, precipitate mercuric phosphate, Hg,(POj„ 
white, soluble in acids, including phosphoric acid, and in ammonium salts. 
Soluble oxalates, and oxalic acid, precipitate— from the nitrate, but nut from 
the ' chloride — meretiric oxalate, HgC,0„ white, readily soluble in dilute 
hydrochloric acid, difficultly soluble in nitric acid. Potassium Ferrocyanide 
precipitates mercuric ferrocyanide, white, becoming blue on standing. 

362. Beducing agents precipitate, from the solutions of mercuric and 
mercurous nitrates, dark-gray Hg (342); from solution of mercuric chloride, 
or in presence of chlorides, _^7's( Me wft'Vf, Hg,01, (350), then gray 'H.g. Strong 
acidiilation with nitric acid interferes with the reduction, and heating promotes 
it. By digestion with hot concentrated hydrochloric acid— and a little solution 
of stannous chloride — the gray precipitate of divided mercury is converted into 
liquid globules of metallic lustre. This somewhat tardy residt is hastened by 
trituration with a glass rod in the test-tube. 

The reducing agent must frequently employed is stannous chloride (a). 
Boiling solution of sulphurous acid (5), or thlosulphates (c), effect the reduction. 
A clean strip of copper, placed in a slightly acid solution of a salt of mercury, 
becomes coated with metallic mercury, and when gently rubbed with cloth or 
paper presents the tin-white lustre of the metal {d), the coating being driven 
by heat. Zinc and iron, also, reduce mercury, and from mercuric chloride 
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or in presence of chlorides, first precipitate calomel. Formic acid reduces 
mercuric to mercurous chloride, and in the cold does not effect further reduction. 
Dry mercuric chloride, moistened with alcohol, is reduced by metallic iron; 
a bright strip of which is corroded soon after immersion into the powder tested 
(a delicate distinction from mercurous chloride). Further, see 838. 

a. 2Hg01, + SnCl, = HgaOl, + SnOl* 

HgsCla + SnCla = 2Bg + BdCU 

Or: HgOla + SnOl, = Hg + SnCl* 

Also: 2Hg(NO.)a + SnCl, = HgaCla + Sn(NO.)4 

b. HgOla + HaSO. + HaO = Hg + HaSO* + 2H01 

c. 2Hg01a + 2NaaSa08 = HgaCls -f 2NaCl + NasS*©, 
Or: HgOl, + 2NaaS208 = Hg + 2Na01 + NaaS*©, 

d. 2HgNO. + Ou = 2Hg -f Ou(N08)a (compare 280). 

363. All compounds of mercury, in glass tubes or on charcoal, are quickly 
volatile before the blow-pipe. Mercurous chloride and bromide and mercuric 
chloride and iodide sublime (in glass tubes) undecomposed — the sublimate con- 
densing (in the cold part of the tube) without change. Most other compounds 
of mercury are decomposed by vaporization, and give a sublimate of metallic 
mercury (mixed with sulphur, if from the sulphide, etc.) All compounds of 
mercury, dry and intimately mixed with dry sodium carbonate, and heated 
in a glass tube closed at one end, give a sublimate of metallic mercury as a 
gray mirror coat on the inner surface of the cold part of the tube. Under the 
magnifier, the coating is seen to consist of globules, and by gently rubbing with 
a glass rod or a wire, globules visible to the unaided eye are obtained. 
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112 Arsenic. 

ABSEinC (ABSEinCTJM). 

366. A steel-gray, lustrous, brittle, and easily pulverkable non^-metAllic element, 
vaporizing directly from the solid state at 856° C. (673° ff.) in closed vessels ; the vapor 
being colorless, with a strong and oppressive alliaceous odor. It is slowly oxidized in 
moist (not in dry) air at ordinary temperatures, with formation of the black "suboxide," 
"fly-powder"; when heated in the air, it burns with a bluish flame, and becomes the 
white arsenious anhydride, AsaOs. It readily combines with chlorine and bromine upon 
contact, and with iodine and sulphur by aid of heat. It 'is not attacked by aqueous 
hydrochloric acid at ordinary temperatures, and but slightly when hot and concentrated 
and with air ; it is slowly oxidized to arsenic acid by hot concentrated sulphuric acid, or 
more readily by nitric acid ; but its proper solvent is nitro-hydJrochloric acid, or chlorine 
with water, by which it is oxidized to arsenic acid with violent rapidity (o). Hot solution 
of potassium or sodium hydrate dissolves it as arsenite (b) : 

a. 2Ab + lOOl -f 8HaO = 2H,Ab04 + lOHOl 

h. Aa + 8KOH = KaAsOs + 8H 

Arsenic forms two important oxides, both acidulous (260) ; araenioua anhydride, 
As'^aOs, representing a series of arsenious compounds and arsenites of metals, but form- 
ing no acid existing separate from water; and arsenic anhydride, As^aOs, forming 
arseniates of metals, and arsenic acids, and representing other arsenic compounds. Both 
these classes of compounds possess considerable stability ; the arsenious bodies acting as 
efficient reducing agents, and the arsenic substances, with less activity, as oxidizing 
agents. 

366. ARSENIOUS anhydride — having both crystalline and amorphous modifica- 
tions — is very slowly and sparingly soluble in cold water, much more quickly but quite 
sparingly soluble in hot water, the solution feebly reddening litmus; freely soluble in 
hydrochloric acid, and somewhat soluble in sulphuric acid without combination ; readily 
soluble in alkali hydrates with combination (equation o); slightly soluble in alcohol, and 
soluble in glycerine. — Arsenious chloride is wholly decomposed by water, with formation 
of arsenious oxide and hydrochloric acid (equation 6), arsenious sulphide is very slightly 
soluble in pure water, insoluble in acidulated water, but soluble by combination in solu- 
tions of alkalies (c), alkaline carbonfttes (rf), and alkaline sulphides (e). — Arsenites of the 
alkali metals are soluble in water; of the alkaline-earth metals sparingly soluble, of mag- 
nesium insoluble; of all other metals, insoluble. The arsenites are decomposed — and, 
except those of first group metals, dissolved — ^by hydrochloric acid, and are decomposed 
and dissolved by nitric acid, without exception : 

a. AaiOz + 6EOH = 2E3ASO8 -f 8H<,0 (with excess of alkali). 

h, ASCI3 + 8H3O = HsAsOa + 8HC1 

c. ASaSa -f 6EOH = KsAsOa + EsAsSa + 8HaO 

d. ASaSa + 8(NH4)a008 = (NHOaAsOa + (NH4)aAsSa + 800, 

e. AsaSa + 8(NH4)2S = 2(NH4)8AsS8 (variable).* 



* Dibasic and monobasic, as well as tribasic sulpharsenites are formed in different conditions. Accord- 
ing to N1L88ON {Berlcht. d. deut. chem. Oes., IV., 989 ; Jour. Chem, Soc., X., 1872, 599), (NH4)HS always ' 
dissolves As^Sa as (NH4)aS (A83Ss)s. With yellow ammonium sulphide, the excess of S is left as a resi- 
dne. When arsenions oxide, AsgOs, is fully saturated with alkalies, it forms tri-metcUlic oxy-salts, the 
typical arsenites— as Ks AsOa. or (NH4)8As08 (according to equation a) ; but when partiaHy saturated 
with alkalies, di-metallic or monometallic arsenites may be formed— as KaHAsOa or KHg AsOs* 
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In analysis, the second group precipitate of arsenious sulphide is separated, 
with antimony and tin, by solution with ammonium sulphide (455), The final 
determination, and separation from antimony and tin, are usually efiected by 
production of arsenioua hydride gas (Marsh's test) (373 and 377). 

867- Alkali hydrates and carbonatea do not precipitate arsenious com. 
pounds fniiu Moluiioii ; whoirljy arsenic is distinguished from the bases. 

368. Hydroanlphurlc acid precipitates the Ifimon-yellow arsenious sul- 
phide, ASjS,, The precipitate forms promptly in acidulated solutions, the 
most pertedtly with hydrochloric acidulation ; being complete even in strong 
hydrochloric acid solution, but diminished by too strong nitric acid. It forms 
slowly in simple aqueous solution of arsenioua acid, as a color i-ather than a 
precipitate; being slightly soluble in pure water, but insoluble in acidulated 
water, h is not formed in solutions of alkali arBeniles, except by acidulation. 
Citric acid and other organic substances hinder, but, in presence of much 
fiydrochloric acid, do not wholly prevent its formation. Alkali sulphidea 
■gXoAuoa, and by further addition dissolve, the precipitate. 

The arnenious sulphide is soluble in solutions of alltali hydrates, carbon- 
ates, and sulphides, as severally explained in 366. From all these alkaline sul- 
phidic solutions, acids repreoipitate the sulphide {« and h). By its solubility 
in solution of ammonium, siilphlde, it is separated with antimony and tin 
from the other members of group second ; and by its solubility in solution of 
ammonium carbonate, it is approximately separated from antimony and tin, 
in a prorpss of separation which has been in common use (given in 45!>) : 

a. 2(NH,)3AbSj -f- OeOl = AiiSs -\- 6NH.CI + 3H,9 

b. (HH,),Aa03 -I- (NB,),AbS, -|- 6HC1 = Aa^Sj + ONH.Cl 

The color of the AsiSg distinguishes it from 8. derived thus; 

e. (NH,)iS, -I- 2H01 = B -|- SNH.OI -|- 

Tbe armtious sulphide is also soluble in sohitions of alkali sulphites witii free n 
phnrons acid (distinction, and a method at separation friini antimony and tin, 40]): 

d. SAs,8, -I- IGEHSOg = 4EAbO, + 6K,S,0, -f SS + 7&0, -f 

Like metalloidal arsenic, the armniouB sulphide is insoluble in hydrochloric acid- 
anotlior means of separation from antimony and tin. It dissolves by nitric acid, and b 
free ohlorine or nitro-hydroehloric acid, as arseme anhydride, AsiOb, "t arsenic acid^v 
HjAhOi— (equations e and /. Compare equation a, 863), Arsenious sulphide is not 
changed to arsenious oxide by any solvents. By nitric acid, As can be separated from 
Sb, Sn, Bi,etc-. (460): 

*Aa.,S, + lOOl + 8H,0 = 3H,AhO. +33 + lOHOl 

8Aa:S= + lOHNO, + 4H50 - 6H,AaO. + OS + lONO 

369. Thiofnilphate:i — as NagS^O, — also precipitate, from boiling hydrochloric acid 
solution of arsenious acid, the csraent'oMS sulphide (distinction from tin, 462): 
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2H.A80i + 8NaaS,Os = AsaSs + 8Na,S04 + 8H,0 

370. Silver nitrate solution precipitates from neutral solutions of arsenites, 
or ammonio silver nitrate* from water solution of arsenious oxide, silver 
arsenite, Ag^AsO,, yellow, readily soluble in dilute acids or in ammonium hy- 
drate or ammonium salts (339) : 

(NHOf AbOs + 3AgNOs = AgsAsO, + 8NH4NOS 
Or HsAsOs + 8AgNO, + 8NH4OH = Ag,AsOs + 8NH4NOS + SHaO 

371. Copper sulphate solution precipitates from solutions of neutral 
arsenites, or ammonio copper sulphate (prepared as directed in note under 
370), precipitates from water solution of arsenious oxide, the green copper ar- 
senitey CuHAsOj or Cu,(AsO,)j (Scheele's green), soluble in ammonium hy- 
drate and in dilute acids. Copper acetate in boiling solution precipitates the 
green copper aceto-ar senile (CuOA8,0,),Cu(CjH,0,)5 (Schweinfurt green), 
soluble in ammonium hydrate and in acids. Both these colors are often desig- 
nated as Paris green (277). For the reaction of Copper Salts with fixed alkali 
hydrate, see 385 d. 

872. In general, solutions of arse7iifes are precipitated by solutions of nor- 
mal salts of the metals, except those of the alkalies, and barium, strontium, 
and calcium (366). Normal magnesium salts form a white precipitate of mag- 
nesium arsenite. The precipitate is soluble in ammonium hydrate and ammo- 
nium chloride (distinction from arseniates). 

Ferric salts precipitate from arsenites, and recent ferric hydrate {used 
as an antidote)^ forms with arsenious anhydride, variable basic ferric ar- 
senites, scarcely soluble in acetic acid, soluble in hydrochloric acid. Water 
slowly and sparingly dissolves from the precipitate the arsenious anhydride ; 
but a large excess of the ferric hydrate holds nearly all the arsenic insoluble. 
To some extent, the basic ferric arsenites are transposed into basic ferrous 
arseniates, insoluble in water, in accordance with the reducing power of arseni- 
ous oxide. 

373. Arsenic is reduced to the elemental state by several methods of 
great analytical importance. 

By the action of hydrogen generated in acid solution (Marsh's Method) 
it is reduced from all its soluble compounds, when it enters into a combination 
with hydrogen as arsenious hydride, AsH,, gaseous. The latter can be iden- 
tified by numerous reactions, and from it the arsenic can readily be obtained 
free. 

The hydrogen is generated by sulphuric acid diluted with 6 to 8 parts 
water, and zinc (both free from arsenic). Compare 233 a. The hydrogen re- 



* Prepared by adding ammoninm hydrate to the eolation of silyer nitrate, till the precipitate at flist 
produced is nearly all redissolyed. 
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moves the oxygen, from either oxide of arsenic, by forming water, and then 
combines with the arsenic ; two atoms of hydrogen taking the place of one 
atom of oxygen : 

AflaO, + 12H = 3HaO + 2AbH, 

or, including the zinc and sulphuric acid : 

H.AsO. + 8(Zn + HaSO*) = SZnSO* + 8H2O + AsH. 

H,As04 + 4(Zn + H3SO4) = 4ZnS04 + 4H3O + AsH. 

It will be seen that arsenious hydride cannot be formed in presence of free 
chlorine or other oxidizing agents, such as nitric acid, nitrates, chlorates, and 
hypochlorites. Sulphur and sulphites interfere ; also mercury salts (by amal- 
gamation of the zinc), and most organic substances. Free arsenic and arseni- 
ous sulphides are not acted on by the nascent hydrogen. With zinc, strong 
potassium hydrate or sodium hydrate may be used instead of acid, the 
action being slower. Sodium amalgam alone, in solutions neutral, acid, or 
alkaline, causes an abundant generation of arsenious hydride if arsenic is pre- 
sent. In the test made by sodium amalgam, in alkaline solution, cane sugar, 
and some other organic bodies do not interfere. 

The generation of arsenious hydride, by metallic magnesium, when done 
in strong solution of ammonium chloride, is a separation from antimony. 
The solution may be neutral or alkaline, but, for the separation, not acid. 

Metallic aluminium, in strong potassium hydrate solution, on warming, 
generates arsenious hydride from arsenical compounds (distinction and separa- 
tion from antimony). 

Phosphates interfere with the tests, in alkaline solutions, by sodium amal- 
gam, magnesium, and aluminium, causing formation of phosphorous hydride 
and blackening of the silver solution. 

374. Arsenious hydride (arsine) burns when a stream of it is ignited 
where it enters the air, and explodes when its mixture with air is ignited, like 
other combustible gases. It burns in a stream, with a somewhat luminous and 
slightly bluish flame (distinction from hydrogen) ; the hydrogen being first 
oxidized, and the liberated arsenic becoming incandescent, and then undergo- 
ing oxidation ; the vapors of water and arsenious anhydride passing into the 
air (a). If a piece of cold porcelain is held in the flame, the reduction of 
temperature prevents the oxidation of the arsenic, which is deposited in dark 
steel-gray spots, adherent to the porcelain, about which a little of the water of 
combustion condenses (h) : 



a. 2AsH8 


+ 


60 


•— 


ASaOs 


+ 


3H2O 


b. 2A8H8 


+ 


30 


— 


2Ab 


+ 


SHaO 



In many particulars above mentioned, the combustion of arsenious hydride resembles 
that of the hydrocarbons of illuminating gas. 
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Arsenious hydride is an exceedingly poisonous substance ; the inhalation of the nn- 
mixed gas being quickly fatal. Its dissemination in the air of the laboratory, even in the 
small portions which are not appreciably poisonous, should be avoided. Furthermore, as 
it is recognized or determined, in its various analytical reactions, only by its decomposi- 
tion, to permit it to escape undecomposed, is so far to fail in the object of its production. 
The evolved gas should be constantly run into silver nitrate solution, or kept burning. 

376. Arsenious hydride is decomposed by heat alone. In passing through glass tubes, 
heated to incipient redness, the gas is decomposed, the arsenic adhering to the inner sur- 
face of the tube, beyond the heated part, as a steel gray mirror coating. This coating is 
readily driven by the heat, is gradually dissipated by hot hydrogen gas, and imparts the 
garlic odor to the escaping hydrogen gas. The latter, if ignited, will generally deposit 
arsenic spots on porcelain, showing that the arsenic is not wholly retained in the tube. 

376. Both the mirror and the spots exhibit the properties of free arsenic (365). Liquid 
reagents are most convenient for application to the spots. The reactions of thes& deposits 
having analytical interest are such as distinguish arsenic from antimony. Further, see 
the comparison of these elements with others of the Nitrogen Series, 684. 



Comparison of Arsenio and Antimony, deposited firom AsH, and 

SbH.. 



Arsenic Spots. 

Of a steel-gray to black lustre. 
Volatile at 356° C. ; as arsenious acid, at 
218° C. 

• Dissolve in hypochlorite (a). 

• Warmed with a drop of ammonium sul- 
phide, form yellow spots (868), soluble in 
a/mmonium carbonate, insoluble in hydro- 
chloric acid. 

With a drop of hot nitric acid, dissolve 
clear (365). 

The clear solution, with a drop of solu- 
tion of silver nitrate^ when treated with 
vapor of ammonia (from a glass rod moist- 
ened with ammonium hydrate and held 
near), gives a brick-red or a yellow color 
(391). 

With vapor of iodine, color yellow, by 
formation of arsenious iodide, readily vola- 
tile when heated. 

Arsenio Mirror. 

Deposited beyond the flame; the gas 
being decomposed by a red heat (375). 

The mirror is driven at 356° C. ; it does 
not melt. 

By vaporization in the stream of gas, 
escapes with a garlic odor. 



Antimony Spots. 

Of a velvety brown to black surface. 

Volatile in vacuo at white heat; by oxida- 
tion, at a red heat. 

Do not dissolve in hypochlorite. 

Warmed with ammonium sulphide, form 
orange-yellow spots, insoluble in ammonium 
carbonate, soluble in hydrochloric acid.' 

With a drop of hot dilute nitric acid, 
turn white. 

The white fleck, treated with silver ni- 
trate and vapor of ammonia, gives no color 
until warmed with a drop of ammonium 
hydrate, then gives a black color. 



With vapor of iodine, color more or 
less carmine red, by ' formation of anti- 
monious iodide, not readily volatile by heat. 

Antimony Mirror. 

Deposited before, or on both sides of the 
flame ; the gas being decomposed consider- 
ably below a red heat (411). 

The mirror melts to minute globules at 
450° C, and then is driven at a red heat. 

The vapor has no odor. -*x 



By Blow vaporizBtion in a current of air By vaporization in a current of air, a 

(the tube open at both ends and held in- white amorphous coating ia obtained — in. 

olinedoTertheheat), a deposit of octahedral soluble in watflf, EOluble in hydrochloric 

aryatal» \s obtained above — if abundant, acid, and giving rcaotious for antimony, 
forming a, white coating (866), soluble in 
water, tlie solution giving reactions for 



I 



a. The hjrpocliloirit« reagent — usually NaOlO — decomposes in the air and light, 
keeping. It should instantly and perfectly bleach litmus-paper (not rudden it), 
solves arsenic by osidation, Us arsenic acid: 

2Ab + SNaOlO -f 3H,0 = SH.AflO, -|- 5Nd01 
377. When arsenioua hydride ia passed into solution of silver nitrate, 
the silver ia reduced to metal (340) by the oxidation of both elements in the 
gas — the hydrogen to water, and the arsenic to arseniouB acid, which remains 
in solution along with the liberated nitric acid {distinction from antimonious 
hydride, which precipitiitea silver antimonide, 41 1) : 



AbH, -I- 6AkNO, -f- 8H,0 



6Ag -i- H,AaO, + SHNO, 



The readionsfur the arsenious oxide formed in solution, should be ob- 
tained after filteriug out the brown-black precipitate of silver, then adding a 
very little hydrochloric acid, that the silver in the undecomposed nitrate may 
be removed as chloride. From the filtrate, hydrosulphuric acid precipitates 
the sulphide, and arsenic may be quanlitatively determined from the weight of 
this precipitate, after Marsh's Test. Reliance should not be placed on blacken- 
ing of the silver nitrate alone ; as this may be due to SbH„ or. to H,S or 
to PH,. H,S would be generated in the test, from sulphides ; and PH,, from 
hypophoaphilea or phosphites. 

If the material treated with zinc and dilute mlphuric acid be placed in a flask or 
large test-tube, and a paper moistened with silver nitrate be tied over the mouth, it will 
(on standing), be blackened by arsenious hydride. The interference of hydrosulphuric 
acid may be avoided by causing the gas to pass through cotton wool, moistened with 
solution of lead acetate, and carefully placed to fill the neck of the vessel, then left 
aereral hoiurs. This operation may be relied on for negative results, in testing the purity 
of reagents, etc. 

The yellow silver areeniie (870) may be oljtained 
nitrate loft in solution, undecomposed by the 
the metallic silver, by tlie careful addition of 
tions, by the glass rod, till the nitric acid and 



t distinctive test, with the sUver 
tydride, after filtering out only 
hydrate, in repeated small por- 
anhydride are just neutralized: 



H,AK). -I- SAgNO, -I- 



-t- 9NH.0H = 



-I- 9NB,N0, 



Arsenious hydride received in nitric acid is changed to H,AbOi, soluble 
(separation from antijnony). 

378. Stannouji chloride, SnOl,, reducet arsenious and arsenic oxides, from hot 
cantraled hydrochloric acid solution, asfloceulant, black-brown, metaHoidal araenie. 



-j- 9H,0 
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taining three or four per cent, of tin (Bettendorf*s Method). The arsenic, in solution 
with the concentrated hydrochloric acid, acts as arsenious chloride (866 h) : 

2A8Cls + 3SnCl3 = 2A8 -f 3SnOl4 

• 

The hydrochloric acid should be 25 to 83 per cent. ; if not over 15 to 20 per cent., the 
reaction is slow and imperfect. Sulphuric acid with sodium chloride may be taken 
instead of hydrochloric acid : 

In a wide test-tube, place 0.1 to 0.2 gram. (2 or 3 grains) of the (oxidized) solid or solu- 
tion to be tested, add about 1 gram. (15 grains) of sodium chloride^ and 2 or 3 cub. 
centim. (about one fluid drachm) of sulphuric acid, then about 1 gram. (15 grains) of 
crystallized stannous chloride ; agitate, and heat to boiling several times, and set aside 
for a few minutes. Traces of arsenic give only a brown color; notable proportions give 
the flocculent precipitate. A dark-gray precipitate may be due to mercury (362, a), 
capable of being gathered into globules. If a precipitate or a darkening occurs, obtain 
conclusive evidence whether it contains arsenic or not, as follows : Dilute the mixture 
with ten to fifteen volumes of about 12 per cent, hydrochloric acid (equal parts of Fre- 
senius's Reagent and water); set aside, decant; gather the precipitate in a wet filter, 
wash it with a mixture of hydrochloric acid and alcohol ; then with alcohol, then with a 
little ether, and dry in a warm place. A portion of this dry precipitate is now dropped 
into a small hard-glass tube, drawn out and closed at one end, and heated in the flame: 
arsenic is identified by its mirror (375), easily distinguished from mercury (363). Anti- 
mony is not reduced by stannous chloride ; other reducible metals give no mirror in the 
reduction-tube. Small proportions of organic material impair the delicacy of this reac- 
tion, but do not prevent it. It is especially applicable to the hydrochloric acid distillate, 
obtained in separation of arsenic, according to 384. 

379. Metallic copper reduces arsenious oxide, from hydrochloric acid solution, as an 
iron-gray film or crust of arsenic with copper^ 32 per cent, arsenic, or CusAss (Reinsch's 
Method). The copper should be in bright strips, the solution hot, and the reaction 
awaited for some time. If much arsenic is present, the crust peels off in black scales. 
The crusts are not evidence of arsenic without further examination — according to 382, 
etc. — as antimony, silver, and other metals are reducible by copper. The film may be ob- 
tained and afterwards determined as arsenic, when but the 0.0005 gram, is taken in pure 
hydrochloric acid solution. 

380. In Marsh's Test, a portion of the arsenic, reduced by the zinc to the 
elemental state, remains for a short time, while the arsenic is in excess in the 
solution, as a grayish-black film upon the zinc. If the generation of hydrogen 
be continued after the arsenic is all reduced, all the latter soon forms arsenious 
hydride. The deposition of antimony, in Marsh's Test, is much greater than 
that of arsenic. Also, if the operation be conducted in a platinum vessel or 
with platinum foil, in contact with the zinc, the reduced arsenic does not ad- 
here to the platinum as firmly as the reduced antimony (408). 

381. Potassium cyanide, with sodium carbonate, reduces ai'senic from all its com- 
pounds, in the dry way: 

Asa03 + 3KOy = 2Aa -f SKCyO 

A82S3 -f 3KOy = 2A8 -f 3ECyS >^^ 

AbsSm + SNaaOO, + 3KOy = 2As -{- 3NaaS + 3KOyO + SOO, ^ 



« » 



Arsenious Compounds. 119 

If this reduction be performed in a small reduction-tube with a bulb at the end, the 
reduced arsenic sublimes and condenses as a mirror (376) in the cool part of the tube. 
The presence of compounds of manganese, bismuth, zinc, or antimony, hinders this reac- 
tion, but does not prevent it. The test can be performed in presence of mercury com- 
pounds, but more conveniently after their removal; in presence of organic material, it is 
altogether unreliable. If much free sulphur is present, H, Rose recommends that the 
arsenic should be removed from it, by dissolving in ammonia, evaporating the solution to 
dryness, oxidizing to arsenic acid with hydrochloric acid and potassium chlorate (385), 
precipitating with ammonium hydrate and magnesium solution as arseniate (388) : and 
washing and drying the latter for the test. 

The thoroughly dried substance is mixed with six times its bulk of a dry mixture of 
equal parts of anhydrous sodium carbonate and potassium cyanide, and introduced into 
the bulb of the reduction-tube, which should not be over half filled. Heat the bulb very 
gently over the flame, and if water rises and condenses in the tube, thoroughly dry the 
bulb and tube — wiping the inside of the tube with twisted paper. Then heat strongly, 
while the tube is held inclined, finally to a full red heat. If arsenic is present, the mirror 
will be seen above the bulb, and can be tested, as stated in 376, etc. 

This operation becomes a more delicate test, and excludes antimony from the mirror, 
if the mixture be placed in a larger horizontal reduction-tube, drawn out narrow at one 
end, and connected at the other with an apparatus for generating and drying carbonic 
anhydride, which is passed over the substance during the reduction (Method of Fbese- 
Nius AND Babo) : 

Three parts of anhydrous sodium carbonate, with one of potassium cyanide, are taken, 
and ten or twelve parts of this mixture, to one part of the substance tested, the whole 
well mixed and thoroughly dried (in the water-oven). The reduction-tube should be 
about 1.25 centimeters (one-half inch) wide and 10 to 15 centimeters (four to six inches) 
long, besides the drawn out part. At the end not drawn out, it is connected with a small 
wash bottle, for sulphuric acid, and this connected with the flask for generating carbonic 
anhydride with marble and dilute hydrochloric acid. The dried mixture is introduced 
into the middle of the reduction-tube, by aid of a paper gutter; the connections made, 
and the substance again dried by gentle heat. When the atmosphere is expelled and a 
steady stream of carbonic anhydride is passing through the apparatus, heat the tube 
between the mixture and the drawn out end to redness, and then heat the mixture gradu- 
ally to redness of the tube, driving the mirror to the narrowed poi'tion of the tube. 
Finally, detach the tube, close the small end in the flame, and advance the heat up to 
the miiTor. 

382. Charcoal reduces arsenious oxide very readily, by heat in the glass tube. A 
small hard-glass tube is drawn out at one end, the extremity closed in the flame, and a 
particle of the well-dried material dropped into the tube, so that it will fall to the end of 
the narrow part. A fragment of recently burned charcoal is pushed down nearly to the 
substance, and heat applied, first to the charcoal and then to the substance, to redness. 
The mirror forms just above the heated part, and may farther be tested as stated in 876. 
During the reduction, the garlic odor is observed. 

All compounds of areenic, heated with sodium carbonate on charcoal, and all oxidized 
compounds heated on charcoal alone, present the odor of arsenic. 

Non-oxidized forms of arsenic, heated in air, as in a glass tube open at both ends, 
oxidize to arsenious anhydride (365) ; and the latter substance sublimes in the tube, pro- 
ducing a white coating of microscopic octahedral crystals. 

383. If dry arsenious anhydride is heated with dried sodium acetate, in the bulb of a 
small reduction-tube, arsen-dimethyl oxide, or cacodyl oxide, A82(CH8)40, is produced 
and recognized by its Intensely offensive odor: 
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^V ABgO, + 4EC,H,0, = A«,(OH,).0 + SKgOO, + SCO, 

384. Araenio is removed from mistiire with inotallic salts and non-volatile acids, and 
obtained in a uoncentrated tirm, by diatilliiig the miitUJ'e with conoentratfid liydroahlMio 
acid — or sodium chloride and sulphuric acid — wht-n araeniotn chloride passes over at 188* 
C. (370" F.). and tondenscs with hydrochloric acid. {Regarding arsenic acid, see 803.) 
A flask uviir a sand-bath, with a tab« passing through the stopper and then incliaed 
downwarils to a small racelring Sask set in a lussel of cold water, constitutes a sufBdent 
apparatus. The distillate may be examined according to 3TB. 

86S. Arseiiious compounds are oxidized t" arsenic compounds by a, large 

imber of oxidizing agents. As ul ready stated (365 and 368 e,/), the sol- 

of elemental ai'scnic, and of arsenious aiilphide, produce pentad arsenic 

compounds. Among the oxidations of arsenious compounds most used in 

analysis, are those by action of chlorine or hron:iine (a), iodine (J), nitrio acid 

(e). Fo 



1 



(c), copper sulphate with free fixed 
other oxidations, see 843. 


alkali {(l), and permanganates ( 


a. H.AjiO, + 201 + H,0 


= H,AaO, + SHca 


6. H>A«0, 4- 31 + H,0 


= HiAbO, + 2HI 


e. 3H,A.O, -f 2HNO, = 3H,AsO, 


-f 2NO -f H,0 


d. EiAsO, + 2Cu(OH), = K,AbO, 


+ Ou,(OH), + H,0 


e. 5H.ASO, + SKMoO, -f- 6H01 


= 5H.AaO. + aiVInCl, + SKCl 



386. ARSENIC oxide, or anhydride, A«]Os, is a white ntnorphoiis solid, lueiting at 
incipient red heat, and at full red heat Ta^HDri^iing by decomposition intj> the volatile 
araenious oxide and oxygen. — It is not directly aolable in water, but in contact with 
water it gradually forms its hydrates, the arsenic aoids — tribasic, HaAsOi or 
3HvO~AivO>; dibasic, H.AiiO, or SHiO^AahOi; and monobasla, HAiOg or H^CAsiOf 
— all of which are freely soluble in water, and soluble in alcohol; the solution.'^ reddening 
litmus, and decomposing carbonates with effervescence. Arsenic anhydride slowly 
deliquesces in air, by formation of hydrates. — The monobasic and dibasic hydrates in 
oonta*!t with water gradually form tribasic hydrate; in fact, as acids, none of them an 
(like the phosphoric acids) definite and stable salts of hydrogen; but they represent three 
definite and stable series of metallic arseniates, which closely correspond in compositioil 
and in properties with the three elasees of metallic phosphates (705). Of these, the tri- 
basic arseniates — reprosoiited by HiA^O, — have the greatest importance. Tliey are tri- 
metallic, as EiAbO.; di-metallin, as KiHAiO.; and mono-metallic, as EHgAsO,. 

The arseniates at the alkali metals are all Bolnble in water ; only the mono-metallic 
arseniates of the other metals are soluble in water, but their di- and tri-metallic arseniates 
are soluble in arsenic acid (as mono-metallic salts) and in the stronger mineral acids {by 
decomposition). In acetic acid, they dissolve with more or less diflculty ; many of them 
are soluble in solutions of ammonium salts. 

Ill analyUB, the formation of arsenioua hydride occurs alike with pentad and 
triad arsenic (397). For distinctions from arsenious compounds, see 398. 

387. HydrOBuIpliurio acid precipitates, very tardily, in solutions of 
arsenic acid or acidulated arseniates, the yellow arsenious sulphide, with free 
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sulphur, As,S, -\- S,, In the cold, addition of solution of lijdrosulphuric acid 
oausea no appreciable immediate eflQct (distinction from arseuiims acid) ; but, 
by treatment with the gas for 12 to 34 hours, better at about 70° C. {160° F.), 
ail the arsenic can bo thrown down. Also, more readily, by previous reduc- 
tion, according to 394. The precjpitnte has the properties stated in 366 and 
368, with the additional pnipertiea of free sulphur, which in its recent condi- 
tion is taken up by alkaii hydrates. 

Anmiomum Bulphide precipitates solutions of arsenic acid, more rapidly 
than ia done by hydroaulphuric acid, as arsenic sulphide, Ab^B^ — readily solu- 
ble in excess of the reagent, iis ammonium sulpharseniate, (NHj^AsS,. 

Thiosulphates react as with arsenious compounds (360), fi'ee sulphur 
being separated. 

When the precipitate of Aa^jS, -f- S, is dissolved by alkali sulphides, sulph- 
&rseniates are formed, aa K^AhS. or SK^S.ABjS^, and K:,A8,S, or 2K,S.A8,S,, 
variably tribasic and dibasic. Thus ; 

Ab,S,.S, -\- 2(NH.)iS = 3<NH.;,S.Aa,St [ = (NH,),Ab,S,] 

Dilute ammonium hydrate, and ammonium carbonate, however, dissolve the 
arsenious sulphide as sulpharaent'^e and arsenite (366 d), leaving the free sul- 
phur undissolved, 

388. Magueaium salts with ammonium chloride, and free ammonium hy- 
drate precipitate ainmunium-magnesiuin arseniate, HgSTH^ABO,, while, easily 
soluble in acids (distinction from arsenites). The reagents should be first 
inised together, and used in a clear solution — " the magnesium mixture '' — to 
make sure that enough ammonium salt is present to prevent the precipitation 
of magnesium hydrate, by the ammonium hydrate. The precipitate forms 
slowly and with urystalliz^Ltion, but completely. Compare with the corre- 
sponding ammonium magnesium phosphate (117). 

389. Solution of baiium hydrats precipitates solution of arsenic acid partially, and 
solution of alkali arHE!uiuti.'.s lUiuost completely, as barium araeniate, BaHAaO., from 
dimetallic solutions, and BajlAsOi)] from monometallic. The precipitate is sparingly 
soiuble in water If anuBonium hydrate is added' with the baryta, the aiiimonium- 
barium wnBiiiate, BaNHiAaO,, is precipitated, insoluble in wat^r. and not made soluble 
by ammonium salts ru' by aiurnoniuio hydrate {distinction front arsenites) 

The tri- and di-met,aliic calcium arseniates are insoluble in water; the ammonium 
calcium arseniat*, OaNH,AjO<, is spiringly soluble. 

390. Salts of the tliixd and Bocond gioap metala precipitate solutions of arsenic acid 
but slightly, but precipitate aolutious of tri-metallic and di-metallic oHiali araeniates 
completely (aa, respectively, tri-metallie and di-metallic arseniates) — in aecordancQ with 
the solubilities of arseniatea stated in 386. 

391. Silv^ nitrate solution precipitates nentralized arsenic acid as silver arseniaie, 
AgiAsO,, reildieh-brown ; the solubilities and conditions of precipitation being the same 

yAu lor the arsenite (370). 

r sulphate solution precipitates solutions of araeniates na copper arseniate. 
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O11HA8O4, greenish-blue, the solubilities and conditions of precipitation being the same 
as for the arsenites (371). 

392. Ferric salts, with alkali acetates, precipitate, from solution of arsenic acid, or 
from acidulated solution of arseniates, ferric arseniaie, Fea(As04)a, yellowish-white, 
insoluble in acetic acid (compare equation in 188). Ferric salts alone precipitate, from 
dimetallic arseniates, two-thirds metallic ferric arseniate, FeaH8(As04)8. 

393. Ammonium Molybdate (NH4)aMo04, in nitric acid solution, gives a yellow pre- 
cipitate of ammonium arsenio molybdate, of variable composition. Compare Phospho- 
molybdates (494). 

394. Reducing agents change arsenic compounds either into arsenitms compounds 
only, or into elemental arsenic. Sulphurous acid and sulphites (a), thiosulphates {b\ 
hypophosphites (c), oxalic acid (d\ stannous salts (e), and ferrous salts in concentrated 
hydrochloric acid solution at 132° C. (/), reduce arsenic acid to arsenious acid without 
farther change; also, the precipitation of arsenic acid as arsenious sulphide involves 
reduction by hydrosulphuric acid — a reduction precisely corresponding to that of ferric 
salts in their precipitation as ferrous sulphide. For the study of reductions of pentad 
arsenic, see 844. 

a. H3ASO4 + HaSOs = HsAsOs -f H3SO4 

h. H3ASO4 + NaaSaOa = HsAsOs + NaaS04 + 8 

c. 2HaAs04 + NaHaPOa = 2H3ASO3 + NaHaP04 

d. H3ASO4 + H3Ca04 = HaAsOa + HaO + 2CO3 

e. H3ASO4 + SnCla + 2HC1 = HsAsOs + SnCl4 + H2O 
/. H3ASO4 + 2Fe01a + 5H01 = Fea01« -f 4HaO + AsOls 

395. By reaction /, of the preceding paragraph, we are enabled to remove the arsenic 
in arsem'c acid, from mixture of non-volatile inorganic salts and acids, by distillation of 
arsenious chloride — as directed for arseniows acid, in paragraph 384! In presence of 
water, neither heat with hydrochloric acid alone, nor ferrous salts without heat, convert 
arsenic acid to arsenious chloride. The hydrochloric acid should be as strong as 25 per 
cent. ; otherwise, sodium chloride and concentrated-sulphuric acid should be used instead. 

396. Arsenic acid vaporizes by decomposition at a low red heat (as stated in 386); but, 
in absence of reducing agents, the arseniates of the alkali metals bear full ignition with- 
out change. In the removal of organic matter by combustion, excess of potassium nitrate 
must be added to counteract the reducing influence of the carbon. After fusion as. 
sodium arseniate, antimony is separated by insolubility, according to the plan in 463. 

397. The reducing agents which separate metalloidal arsenic from arsenious com- 
pounds, effect the same result with arsenic acid, though not quite so readily. The ana- 
lytical methods described in 873 to 383, inclusive, have all been given for arsenious and 
arsenic oxides alike. In solution of arsenic acid in water, without other arid, zinc and 
other metals do not effect reduction, but are dissolved as acid arseniates with evolution of 
hydrogen : 

Zn + 2H,As04 = ZnH4(As04)a + 2H 

398. The reactions disfinguisMng iettveen arsenious and arsenic acids 
have been described : action of arsenious acid as a reducing agent, 385 ; the 
precipitation of ammonium earth-metal arseniates, 388; of arsenio molybdate. 
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393; the slow precipitation of arsenic acid by hydrosulphuric acid, 387; the 
colors of the silver salts, 370 and 391, and of the copper salts, 371 and 391. 



ANTiMomr. 

399. A lustrous, bluish-white, brittle, and readily pulverizable metal, fusible at 425° 
C. (797* F.), and slowly volatile at a white heat. — It is but little tarnished in dry air; in 
moist air it oxidizes slightly, with formation of a blackish-gray mixture of metal and 
antimonious oxide ; when melted, it oxidizes quickly, and at a red heat it bums with a 
wliite light, and white, inodorous vapors — the formation of the antimonious oxide, SbaOs. 
— Boiling concentrated hydrochloric acid slowly dissolves powdered antimony (a), but 
when in the compact state it resists that acid ; boiling concentrated sulphuric acid slowly 
converts it into antimonious sulphate with evolution of sulphurous anhydride (b) ; nitric 
acid rapidly oxidizes it, the dilute acid forming chiefly antimonious oxide (c), the con- 
centrated forming mostly Sb204 and antimonic anhydride {d) — these oxides being in- 
soluble in the dilute, slightly soluble in the concentrated acid ; nitro-hydrochloric acid 
rapidly converts the metal into soluble antimonious chloride and insoluble oxides (e) ; but 
if the nitric acid be added to the hydrochloric acid in very small portions during the 
solution, only the antimonious chloride is formed (/). Boiling solution of tartaric acid 
slowly dissolves precipitated antimony {g). Alkalies do not dissolve it. 

a. Sb + 3H01 = SbOls + 3H 

h. 3Sb + 6H,S04 = Sba(S04)s + 6H3O + 3SOa 

= SbaOa + H3O + 2N0 

= SSbaOft + 5HaO + lONO (460) 

= SSbOa + 2H3O + 4NO 

= SSbCls, then, with a part of this solution : 

2SbOl8 + 3HaO = SbaOa + 6H01 

+ 6H,0 = SbaOs + lOHOl 

= SbOls 

g, 2Sb + Ha(04H406) + 2H2O = (SbO)a(04H40«) + 6H 

400. Antimony forms two typical oxides, each having corresponding salts; anti- 
monious oxide, Sb'^aOs, representing the metal as a feeble base ; and antimonic anhy- 
dride, SbVaOs, which does not form a stable acid, but unites with bases, though with less 
electro-negative power than the corresponding compound of arsenic. 

401. ANTIMONIOUS oxide is slightly soluble in water, insoluble in 
alcohol ; freely soluble, by full or partial combination, in aqueous solutions of 
tartaric (a), hydrochloric {h), and other acids, not in nitric acid ; soluble in 
strong solutions of alkalies. The cJiloride is very deliquescent, and freely 
soluble in water acidulated with hydrochloric acid or with tartaric or citric 
acid, soluble in aqueous solution of sodium chloride and soluble in alcohol. 
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01, 
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The bromide requires tolerably concentrated hydrobromic, and the iodide, 
quite concentrated hydriodic acid, for solution. The sulphates require moder- 
ately conccntiated sulphuric acid for solution (compare 261 ; and see, further, 
402). The tartrate is soluble in water without acidulation; the potassium an- 
timonious tartrate, soluble in water, and in glycerine, insoluble in alcohol. 

a. SbaOa -h Ha(04H40«) = (SbO)a(04H40«) + H^O 

&. SbaO, -h (6+w)H01 = 2Sb01, + 8H2O 4- nHOl 

In analysis, antimony sulphide is separated, with arsenic and tin sulphides, 
from other second group precipitates, by solution in ammonium sulphide (455). 
The separation from arsenic and tin is effected through antimonious hydride 
(409 and 411). 

402. Water decomposes the acidulated solutions of antimonious salts, ' 
with precipitation of a portion as basic salt, and the separation of acid, which, 
restoring the acid strength lost by dilution with the water, holds the other 
portion of the original salt in solution, in solution of the chloride, Sbd,, 
the basic salt precipitated by water is the white antimonious oxy chloride, 
SbOCl, " Powder of Algaroth " : 

SbOls + H,0 = SbOOl + 2H01 

The composition of the precipitate is variable, however, each addition of 
water removing more hydrochloric acid, and leaving the precipitate nearer to 
the normal oxide. For example : 

SSbOl, + 4HaO = Sb80401 + 8H01 

The precipitate is soluble in tartaric acid (distinction from bismuth, 288). 
In presence of sufficient tartaric or citric acid, water does not decompose anti- 
monious chloride ; the tartrates of antimony, and of antimony and potassium, 
being dissolved by water without decomposition. The water solution of tar- 
trate is liable to precipitation of basic salt by hydrochloric, sulphuric, and 
nitric acids. 

403. Solutions of the fixed alkali hydrates precipitate, from the acidu- 
lated solution of antimonious chloride or of other inorganic antimonious salt, 
in absence of tartaric and citric acids, the white and bulky antimonious oxide, 
SbgOg, quite readily soluble in excess of the reagents, more quickly by heating ; 
soluble in solution of fixed alkali carbonates when heated, but scarcely at all 
in the cold ; insoluble in ammonium hydrate. The precipitate is slightly solu- 
ble in water, and becomes crystalline after warming, if no alkali hydrate is 
present. It dissolves readily in solution of tartaric acid (401 a), also in that 
of potassium hydrogen tartrate (a). 

The solution of antimonious oxide by alkalies is due to its combination with them, 
acting as a feebly acidulous anhydride and forming antimoniteSy which are found to be 
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10 far as capable ot isolation (b). Sodium autimonite, NaSbOg, is the most 
stable and least soluble in water: potassium antimonite, KBbOi, is freely soluble in 
dilute potassium bjdratu solution, but decomposed by pure water. By long standing (S4 
hours), a portion oF the antimcmious oxide deposits frum the alkaline solution, and the 
preseDce of alkali hydrogen carbonates eausea a nearly 0ODjplet« separation of that oxide 
(equations, 404): 



3K9bO(0,H.O.) + H,0 

6KC1 + 8H,0 

3KOH = EKBbO, + HsO 



Or: BbCl, + 4H0H = 



2BbCls + 3KaOO, = Bb,0, + 6EC1 + 3CO, ■ 

SbOli + 4E,00, + 2H5O = ESbO, + 3KC1 + 4KHCO>l 



Ammonium hydrate gives the same precipitate, Sb,0,, scarcely 
soluble iu excess. 

404, The alkali carbonates likewise precipitate aniiinonious oxide (a) 
soluble in a strong excess of the fixed alkali carbonatea when warmed (S) 
(distinction from tin) ; insoluble in excess of ammonium carbonate (distinction 
from antimonie oxide). The solution in fixed alkali carbonates de.posits anti- 
Jnomou3 oxide on cooling and standing (c) : 

I: 
406. Hydroaolphuric aoid precipitates, from not too strongly acidulated 
solutions of antimonious salts, the orange-red antimonmis sulphide, Sb,S, 
(hydrated), slightly soluble in pure water, insoluble in water containing HjS. 
In neutral solutions (tartrate) the precipitation is imperfect, non-acidulated so^ 
lution of the potassio tartrate being only colored ; in strong hydrochloric acid 
solutions and in strong alkaline solutions, the precipitation is prevented. Al- 
kali BulphidoB give the same precipitate, soluble In excess of the reagents (a), 
then reproduced by acids as antimonie sulphide (i). The antimonious aul- 
phide is soluble in fixed alkalies (c) ; in alkali aulphidos, more readily if 
they contain excess of sulphur (a) and quite difiicultly in normal (colorless) 
ammonium sulphide; only slightly soluble in amirionium hydrate and scarcely 
at all soluble in ammonium carbonate (distinction and separation from ar- 
senic, 368) ; slowly soluble by boiling solution of fixed alkali carbonate (^d) 
(distinction from tin) ; soluble In hydrochloric aoid, either moderately dilute 
or stronger (separation from arsenic, 368) (e) ; soluble in nitro-hydrochloric 
acid (/) ; insoluble in solutions of acid sulphites (distinction from arsenic, 
461) ; left insoluble by nitric acid (separation from arsenic, 460). 

In the solutions in alkali sulphides, the antimonious sulphide exists as allcali lulplio* 
■alt; sulpbantimoniate when from action of yellow atomomam sulphide (eqnation a); 



J 
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a. SbaSs + 8(NH4)3S3 = 2(NH4)3SbS4 + S 

h. 2(NH4)sSbS4 + 6HQ1 = SbaS^ -f 6NH4CI -\- 8H3S 

c. SbaSs + 4NaOH = NaaSbSa + NaSbO, + 2H2O 

d, SbaSs + 2Na3CO, = Na,SbS, + NaSbO, + ^^Os 
6, SbaS, + 6H01 = 2Sb01. + 3H,8 

/. SbaS. + 601 = 2Sb01, + 3S (dissolving as HaSO*) 

or SbaS, + 1001 + 5HaO = SbaO* + lOHOl + 88 

406. Thiosulphates — as NaaSaOa — likewise precipitate cmtimonioua sulphide (separa- 
tion of arsenic and antimony from tin, 462): 

2SbCla + SNaaSaOa + 3HaO = SbaSs + 8Na8S04 4- 6H01 

407. Potassium cyanide gives a white precipitate. — Ferrocyanides (in absence of 
tartaric acid) give a white precipitate, insoluble in acids. — Oxalic acid (in absence of 
tartaric acid) gives a white crystalline precipitate, forming slowly but completely. 
Potassium iodide with hydrochloric acid in 'antimonious solutions gives only a yellow 
color — no free iodine {distinction from aniimonic acid, see 423). 

408. Antimonious oxide is reduced to the elemental state by agents, and with re- 
actions, similar to those effecting the reduction of arsenious oxide. 

Stannous chloride, however, does not reduce it (distinction from arsenic). 

The metals : magnesium, zinc, iron, cadmium, lead, tin, copper, and bismuth, pre- 
cipitate from antimonious solutions (in absence of nitric acid) the brown-black metallic 
antimony : 

2SbOl8 + 3Zn = 2Sb + 3Zn01a 

If antimony be reduced from a dilute hydrochloric acid solution by zino, on platixnim 
foil or in a platinum dish, the larger portion of the antimony is deposited as a brown or 
black adherent coating or stain on the platinum, while a portion passes off as antimonious 
hydride along with free hydrogen. The stain is removed by warm nitric, not by hydro- 
chloric acid. In this test, tin deposits as a loose, spongy mass, soluble in hydrochloric 
acid (434), and arsenic does not closely adhere to the platinum (380). 

409. If hydrogen be generated, more abundantly than in the operation 
last mentioned, by zinc with dilute sulphuric or hydrochloric acid, in a Marsh's 
apparatus, a smaller portion of antimony is deposited with the zinc, while 
antimonious Jiydridey SbHg, is obtained for examination (compare arsenic^ 
373): 

SbaOs + 6Zn -f 6HaS04 = 6ZnS04 + 3HaO + 2SbHs 

SbCls + 3Zn + 8HC1 = 3Zn01a + SbHs 

410. Antimonious hydride bums with a luminous and faintly bluish-green 
flame, dissipating vapors of antimonious oxide and of water {a) ; or depositing 
•antimony on cold porcelain held in the flame, as a lustreless brownish-black 
spot {V). The gas is also decomposed by passing through a small glass tube 
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heated to low redness form 



stroua ring o 


mirroi- m the tube. 


The 


tared with the 


se of arsenic in 376. 


"■f 


= Sb,0, 


+ 3H,0 


i 



a. 29bHa + 

b. 2SbH. ^- 30 = 3Sb + 3H,0 V 

411. When ihe anlimomoun hydride is passed into a solution of silver 
nitrate, the silver is reduced by tlie hydrogen, leaving all the antimony with 
the silver, as silver antimonide, Ag^Sb, a black precipitate (distinction from 
Brsenie, which outers into solution, yT7) : ^B 

SbH, 4- -AAgVtO, = AgsSb -f 9HNO, ^M 

If the precipitate be removed and washed free from undecompoaed silver 
salt (and arsenious acid, if that be present), the antimony may be dissolved out 
by boiling /or gowe time with concentrated solution of tartaric acid (399 g). 
Also, hydroohloric acid, more readily, dissolves the antimony from Ag^Sb, 
though itr cannot dissolve uneomhined antimony. The solution consists of an- 
timtmious chloride, leaving AgCl. The solution may be tested for antimony 
by hydrosulphiiric acid. Also, SbH, received in nitric acid changes to Sb,0„ 
insoluble in water (separation from As). 

412. Ail compounds of antimony are completely reduced in the dry way 
on charcoal with sodium carbonate, more rapidly with potassium cyaulde ; the 
metal fusing to a brittle globule (compare 390). The reduced metal rapidly 
oxidizes, the white oxide rising in fumes, and making a crystalline deposit on 
the Buppoi't. The same white oxide is formed on heating antimony or its sul- 
phides in a glass tube (5). The equations for reduction correspond to those 
given for arsenic, lu 381. 

413. The oxidation of antimonious compounds to antimonic compounds 
requires strong oxidizing agents ; that is, antimonious oxide is not a powerful 
reducing agent, A list of its oxidations is given in 841. The action of nitric 
aoid and chlorine has been stated in connection with metallic antimony (SW!) d 
and b). Silver oxide (414), gold chloride (415), chromic acid (416), and per- 
il i an iran at es, oxidize antimonious compounds, their reactions (especially the 
first-named), giving us delicate tests in distinction firom antimonic compounds. 
For distinction of antimonic compounds, see, also, the oxidizing action of anti- 
monio acid on iodides in 423. 

414. Solution of silver nitrate — with the potassinm or sodium hydrate solution of 
antimonious oxide, KSbOi — givesa black precipitate of argenious oxide, A|[iO (see equa- 
tion), insoluble in ammoniuin. hydrate, and raised with gray argentic oxide, which is 
dissolved out by the ammonia. If chlorides are present in the solution, the silver chlo- 
ride produced will also dissolve in ammonium hydrate, leaving only the black argontous 
oiide. Now, the alkaline antiuioniofea, formed it antimonic compound was present in 
the substance taken in this test, precipitate whit* silver antiraoniate, eolubh v 
ivdrale (leaving still the evidence of antimonious compounds) : 

KSbO, + SAgiO (see 330) = Ag.O -j- ESb 
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Silver nitrate, in acid aolution of Hntimaninns chloride, precipitAtes SlXiOi with 
AgOl. iho Imter dissolving iii ammonluin hydrata, nnd leaving the, former (no oxidation 
at the aTitimony lieing effected) : 

2Sb01, + GA«HO, + 3HjO = Bb,Oi + 6Ag01 -f- t!HNO, 



In solution of potassium atitimoDious lartrale, silver nitrate precipitates odI; silver 
tartriLtc, soluble in ammonium bjdrote, tho antimonious oxide being held in solution as a 
tartrate. Thua : 

2RSbOlO,HiO.) + 2AgN0. = Ag,(0,H<0,) 4 (BbO>,(0,H«0.) + 3KNO, 

416. Sulutiou of anzic chloride, AnOl) is reduced, in boiling (acid) soluliini of anti- 
monious chloride, l.o uniljillic guld, as u joUow preoipilate, mUeci with antimonic oxide 
as a larger bulk of white precipitate, unless much excess of hjdrochloric acid is present to 
hold antimonic chloride in solution (430) : 

4Aii01. + 3Sb,0, + 6H,0 = 4An -(- 8Sb,0, + 12H01 

416. Chromic actd — obtained with KiOtcOt -\- ZHOl^is reduced to chromie «iB, 
OtiOIi. by acid antimonious solutions ; the liijuid turning' green, and anltinonie oxide, 
Sb^O,, being precipitated or left in solutiim— as a spai'iug or abundant exciess of acid is 
present (420). 

417. ANTIMONIC oxide, or anhydride (see 400), is a ypllowish powder, 
but slightly Bolubls iu water ; siiluble in concentrated hydrochloric acid and in 
tartaric acid, scarcely at all in niti-ic ucid. Antimonic chloride, SbCl,, is com- 
pletely decomposed by water ; the siflphi<le, Sb,S,, insoluble in watev. 

There are two hydrogen antimoniates or aoidi : an/imonie acid, HiOSbid or HSbOi, 
monobasic; a,tii viilan/tmonic acid (HiO)iBbjOs or HiBbsOi, dibasic, or isomeric with 
antimonia acid and munobasic; the former being produced when antimony is dissolved 
by excess of nitric acid (89D dj, or when an antiraoiuale i* decomposed by a stronger acid 
(430); the latter being formed in the decomposition of antimonic chloride by water. Fr« 
metajitimonic acid holds (HiO)i in addition to the basic water. 

418. vinfimont'e oeifJ (ordinary modification), HBbOi, is sparingly Bolnble in water, 
reddens litmus, and dissolves in concentrated hydroehiorie acid, or, slowly, in a large 
proportion of water acidulated with that acid ; also in tartaric acid. It dissolves, by com- 
bination, with cold solution of potassium hydrate, bnt not in cold solution of ammonium 
hydrate. By fusion with potassium hydrate it is changed to a salt of meUntimonic acid. 
— Mg/anhmonic acid, dibasic HiBbid or (HjOljSbjOs, and monobasic HSbO], is roorB 
soluulc iu water, in acids, and iu ammonium hydrate, than antimonic oirjd, its isomei^ 
into which it easily changes. 

The noTmat anlimoniatee—eks KSbOs— arc all Insoluble in water, escept a hydrated 
potassium antimoniate, and this is meide anhydrons and insoluble by boiling in solution. 
The miper-fmtimonUilfS, as K50(Sb!iOi)j, are all insoluble in water. The dibade vittait- 
timomales — as (KjO)sSbiOt — are insoluble in water, but the potassium and the ammo- 
nium salts dissolve intact in water containing much alkali hydrate. All dibasic metanti- 
moniatea are decomposed by pure water with (orinBtion of monobasie melon timmiate^— 
as BgOSbgOt or ESbOg — isomeric with the normal antimoniates. Of the monobasic met- 
autimnniates, only those of potoseiuin and ammonium are soluble in water. 

419. The monobasic potassium metantimoniate, or "granular antimoniate of potas- 
sium," ESbOa, is used as a preolpltant for sodium (48), and is prepared by fusing mti- 
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monio (icid with large escess of potassium hytlrate; then dissoMng, filtering, evaporating, 
II and digesting hot, in syrupy solution, with large excess o{ potassium hydrate, best in a 
BUrec dish, decanting the alkaline liqnor, and stirringthe residae to grannlate, dry. This 
reagent must be kept dry, and. dissolved when required for use; inasmuch as, in solution, 
It changes to the dil>asic inetantimoniate, whith does not precipitate sodium. The re- 
I t^nt is, of course, not applicable in acid solutions. 

) 430. Slight additions of water precipitate the concentrated hydrochloric 

acid solutions of antimonic acid, or antimonic chloride, as dibasic metantimonic 
acid, (H,0),SbjO, orH.SbjO, (417); the precipitate being sparingly soluble 
in the acidulated licjuid, — AcidB precipitate, from aolutioua of alkali anti- 
nioniates and metantimoiiiatea, the eorreapotiding antimonic acid, HSbO, or 
H,Sb^O,. Tartaric acid prevents these precipitations. 

421. HydroBulphurio acid and sulphides precipitate the orange- colored 
aMii)j(o«j'f; .e?i;/)/j('(fe, SbjSj, having the solubilities stated for autimonious sul- 
phide, in 405 — antimonic compounds forming in the solution. Both dibasic 
and tribasic sulphantimoniates are formed. The typical, tribasie aaita occur as 

^feillows : ^^ 

^B Bb,5, -I- 3fNH0>S, = 2(NH,),Sb9, + 3S (Compare 405, a.) ^H 

^H Sb,S, + 6H01 = 2SbCl3 -f 2S 4- 3H,S ( " 405, e.) ^H 

^^1 B1>,S, + tICl = 2SbOl3 + SB ( " 3S9, e.) ^H 

^BOr: SbiB^ + lOCl -f nH,0 = SbvO> -\- lOHCl + 5S ^H 

422. Antimonic acid is rediiced to metal by all the reducing agents stated 
for antimonious oxide in 408, haviog the same behavior with zinc and platinum, 
and in Marsh's test : 



I 

^^B 423. Antimonii?. acid is reduced to antimonious iodide by bydrlodic acid, as follows 
(distinction from antimonious compound: 



Sb,Os + 8(Zii + H,80,) 



SbOli + SnOlj = SbOl, + SnOl, 



BbCl. + SKI = Bbl, -I- 31 4- 



1^^ 



Iodide is added to hydrochloric acid solution of antimonic eompoiUK 
a dark brown precipitate of iodine appears; if only antimonious compound is present, the 
solution is colored yellow, but remains clear. In both cases, free hydriodic acid is 
formed. If the proportion of antimonic compound be very slight, the liberated iodine 
will still be revealed by its violet color in the subsiding layer, after agitation with carbon 
disulphide and subsidence. Of course, the liquid and the hydroohlorio acid must be 
strictly free from uncombined chlorine, and the iodide must contain no iodate — that is, 
two reagents must not precipitate each other. 

424, By ignition, in the absence of reducing agents, antimonic acid and 
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anhydride are reduced to antimonious antimoniate, Sb,0,Sb,0, ; or SbO,, 
antimony dioxide ; otherwise given as Sb,0^ ; a compound unchanged at a red 
heat, and obtained for quantitative determinations. 

425. The antimoniates of the fixed alkali metals are not vaporized or decomposed 
when ignited in absence of reducing agents. Hence, by fusion in the crucible with soda 
and oxidizing agents — i.e,y with sodium nitrate and carbonate — the compounds of anti- 
mony, and of arsenic (396), are converted into non-volatile sodium metantimoniate and 
arseniate, Na4SbaOT, and Na8A804. If now the fused mass be digested and disintegrat- 
ed in cold water and filtered, the antimoniate is separated as a residue (NaSbOr— 418), 
while the arseniate remair^ m solution, with the excess of alkali. The operation is much 
more satisfactory when the arsenic and antimony are previously fully oxidized — as by 
digestion with nitric acid — as the oxidation by fusion in the crucible is not effected soon 
enough to retain all of the arsenic or antimony which may be in the state of lower oxides, 
sulphides, etc. If compounds of tin are present in this operation — and if the fusion is not 
done with excess of heat, so as to convert sodium nitrite to caustic soda and form the sol- 
uble sodium stannate — the tin will be left as stannic oxide, SnOa, in the residue with the 
NaSbOs. But if sodium hydrate is added in the operation, the tin is separated as stan- 
nate in solution with the arsenic. For a plan of separations, based on these facts, see 463. 



TIN. 



426. A lustrous white metal, fusible at 230* C. (446* F.), volatile (when not in contact 
with the air) at a white heat. — It tarnishes a very little in pure air or with moisture, but 
more in air containing hydrosulphuric acid; when fused in the air it forms a mixture of 
stannous and stannic oxides with moderate rapidity ; at a white heat it bums in the air 
with a dazzling white light, and formation of stannic oxide ; at a red heat it decomposes 
steam with evolution of hydrogen. — It dissolves with hydrochloric acid, slowly when the 
acid is dilute and cold, but rapidly when hot and concentrated — stannous chloride and 
hydrogen being produced (a) ; in dilute sulphuric acid, slowly, with separation of hydro- 
gen (ft) ; in hot concentrated sulphuric acid, rapidly, with separation of sulphurous anhy- 
dride and sulphur (c) ; nitric acid concentrated does not act upon it, the dilute acid ra- 
pidly converts it into metastannic acid, insoluble in acids ((?); very dilute nitric acid dis- 
solves it without evolution of gas as stannous nitrate and ammonium nitrate (e) ; nitro- 
hydrochloric acid dissolves tin easily as stannic chloride ('/); potassium hydrate solution 
dissolves it very slowly, and by atmospheric oxidation {g)\ or, at high temperatures, with 
evolution of hydrogen (h). 

2H 

2H 

2H3O 4- SO3, and then 

2Sn(S04)9 + S + ^HaO 

2H3O + 4NO (compare 438) 

SHsO + NH4NOS 



a. Sn 


+ 


2H01 


= SnCls 


+ 


h. Sn 


+ 


H3SO4 


= SnS04 


+ 


c. Sn 


+ 


2HaS04 


= SnS04 


+ 


2SnS04 


+ 


BO, 


+ 2HaS04 


— 


d. 3Sn 


+ 


4HN08 


= 3Sn03 


+ 


e. 4Sn 


+ 


lOHNOs 


= 4Sn(N08), 


+ 


/. Sn 


+ 


401 


= SnOl4 





tJTANNOUS UOXFOUSBS. 

+ O = KjSnOs + H,0 



+ 



427. Tin forma two stable osidts and corresponding olauea of salts : stannous oxide, 
Bn"0, and stannic oxide, Bn'"'Oi; the latter acts both as a baijC, in stannic compounds, 
»nd aa an acidulous anhydride, in atannates of metals. Stannous compounds readily 
change to stannic compounds by contact with the air and by nearly all oxidizing agents 
(487), bKing themselves powerful reducing agents; stannic compounds are not easily re- 
duced lo stannous combinations, being feeble oxidizing agents. In respect to the relative 
stability of iis two classes of salts, tin resembles iron ; stannous salts, however, are rela- 
tively it'fs permanent than ferrous salts — in accordance with the fact that stjiimic sul- 
phide is formed, and ferric sulphide is not (ofnied, ift precipitation by sulphides, 

428. STAlfirOUB oxide, hydrate, sulphide, oxy-chloride, phosphate, and 
oxaliiie, are iiiBOlnble in water. The chloride requires quite strongly, and the 
nitrate juoderately acidulated water for solution ; the bromide, the iodide, and 
sulphate, dissolve in puie water (261). 

Tin is separated, as a sulphide, with arsenic and antimony, from other 
second group sulphides, by solution with yellow ammonium sulphide (455) : 
from arsenic and antimony it is easily separated by reduction in Marsh's test 
(435), Stannous salts are distinguished by their reducing power (437), 

429. Water partially decomposes the acidulated solution of stannous chlo- 
ride; i>rectiiitating stannous oxi/ckloride, solah]e in acids, the liberated acid 
preventing complete precipitation: 

2SaOI, -|~ H,0 = SiigOOl, -|- 2H01 
The atmoaphera causes, iu solutions of stannous chloride, a precipitate of 
stannous oxyrMiiride with formation of stannic chloride; a change which 
occurs in the reagent kept in bottles frequently opened, and is retarded by 
presence of sufficient hydrochloric acid with metallic tin. 

SSnOl, -I- O = Sn^OCl, -|- SuCl, 

430. The alkali hydrates precipitate, from solutions of stannous salts, 
stannous hydrate, 8n(0H)j, white, readily soluble in excess of the fixed alkali 
hydrates, as alkali stannite, K,SnO,, insoluble in ammonium hydrate (distinc- 
tion from antimony) : 

SnOla ->r 2KOH = Sn(OH)s + 2KOI 

Sn(OH), -f 3KOH = KjSnOs + 3HaO 

By boiling, the precipitate becomes anhydrous, SnO, without change of 
color. Boiling in strong potassium hydrate solution, more quickly by the addi- 
tion of a little tartaric acid, blackens the precipitate, which now contains 
metallic tin. 

Alkali carbonates also precipitate stannous hydrate, insoluble in excess 
(distinction fmm antimony). Barium carbonate precipitates all the tin as 
hydrate, in the cold. 




I 



Stannous Compoundb- 

431. HydroBulphurio ocid aiiJ siiiphiJL's predpitate the dark-brown 
~tlannuus sulphide, SnS («), hjdruleJ, iiisoluUe iji dilute, soluble in mode- 
rately dilute ucids, as stittod belnw. Thioaulphates du not give a precipitate 
— diatinutiutt from arsenic (369), and from antimony (406). 

Stannous sulphide is readilj diasolTed by alkali supersiilphides, the yellow sulphide^ 
with formation of nulphoatMHUiieii (6), from wMob acids preeipitato the yellow tiannil 
sulphide (443) ((>), but the unrmal, colorless, alkuli sulphides Ecansely dissolve any ataa- 
nous sulphide. Fotaaiiiini bydiata and aadiiun hydrate disMlvc it as atannitf^wS^ 
gulphaslanniCeB {d), from which iLClds precipitate again the brown stannous sulphide [e); 
ammonium hydrate and the alkali carbonates do not dissolve it (distinction fniin Drsenic, 
868, and with Sxed cart>onal<.-a ilistinction from antimony. 405 dj. It is not soluble bf 
acid sulphites (distinction from arsenic, 868). — Hydrochloiio aoid dissolves it, as tlan- 
tUMa ehioride, with evolution of bydrosulphttrio acid {/); nitro-hydrochloric acid— Iree 
oUori&e — as stamiic cA^rida with residual sulphur (^); nitric acid oxidizes it to met»- 
.Stannic acid, without solution (separation from arscniu, 400). 
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432. Potassium iodide precipitates — from solutions not very dilute, as nearly neutnl 
as possible and free from stannic sail. — the yellow atamnotix iodide, Siilg, sparingly solu- 
ble in water, more soluble in warm than cold water, and slightly decomposed by water 
with precipitation of variable, yellow, stannous oiy-iodidcs ] slightly soluble ill escesa of 
the rL>ag(^iit, iho potassio stannous iodide being mostly decomposed by water, less in dilute 
solutions; soluble in hydrochloric acid, and in solution of potassium hydrate. "VOI^^ 
Btatiuic Mlts in water solution, the iodides react as follows (see 439): ^^H 

SnOl. -I- 4EI = SuI, -I- 4K01 ^H 

And, simultaneously: Suit -|- SH^O ~ 8aO(OH)i -|- 4HI 

433. Alkaline phosphates precipitate etannoiii pkoepkafe., Bn!(PO,)i, white, variable 
by conditions. — Oxalates precipitate stannoiie aralale, SnOjO,, wbiti^. — Ferrocyanidei 
give a white gelatinous precipitate; ferricyanides, a white precipitate (with stannio 
Halts, uo precipitate). — Cyanides precipitate Biannoua hydrate, with liberation of hydn- 
oyanie acid. 

434. Tin is reduced by zino : from freely acidulated stannous or stannic 
solutions, as a giriiy xpoiifft/ mnss (8n) ; from alitaline solutions, as lustrous 
crystals. With zina on platinuin foil or in a platinum dish, the tin reduced, 
from acid solutions, collects mostly on the zinc, does not stain or adhere to the 
platinum, and, however reduced, dissolves in hydrochloric acid (426 a) (d»- 
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tincli'iiis from antimony aud IVoiii arsenic; see 408). But reductiun by metallic 
alnmiiuiim, oi' magaQsium, is much more prompt aud natisfactory. 

i Test for arsenic (373) and atitimony (406), if tin is pre- 
sent, it will be dopusited as a dark-colored powder, as stated iu the preceding 
paragraph, not adherent to the zinc. Arsenic is deposited early in the opera- 
tiou, and finally all rsmo ed h ga a ony ant wholly, but is mostly 
remuved, at the last; all 1 all h s permitted to dissolve 

wWle the acid is not exp d d h d p w 11 slowly dissolve iu the 

dilute acid. Indeed, t n y b d d of z i Marsh's Test. With 

zinc present, the tin d es d ss 1 a d a h arsenic has all been ex- 

pelled in the gas, Me / J lay be nnsed au ay from tJte zinc hy the imter -jet, 
and dmolced with moderately concentrated hydrochloric acid, while any 
antimony present remains undissolved (420 a, and 399 a). The antimony 
may afterwards be quickly dissolved by nitro- hydrochloric acid, and tested. 

436. Before the blow-pipe, on charcoal, with sodium carbonate, and more 
readily by addition of poiassium cyanide, tin is reduced to malleable lustrous 
glolulea — brought to view (if minute, under a magnifier) by repeated tritura- 
tion of the mass with water, and decantatioa of the lighter particles. A little 
of the white incrustation of stannic oxide will collect on the charcoal neai" the 
m&sa, and by persiatetioe of the flame on the globules, the same coating forms 
"poii them. This coating, or oxide of tin, moistened with solution of cobaLt 
■iitrate, and again ignited strongly, becomes of a blue-green color, 

437. Stannous salts are oxidized to Staimio SaltB by a large number of 
fMgents (see 427). Stannous chloride is one of the moat convenient and 
^ieut of the ordinary, discriminative deoxidizing agents, for operations iu 
^ wet way. As stannic chloride is soluble in the solvents of stannous 
MiloridB, no precipitate of tin is made by its reducing action; but many other 
"letala are so precipitated by reduction to insoluble forms. Thus: 

Ueroiuio chloride is reduced from solution, first to white mervuro7ia chloride, and then 
'«grajmfrcwr3/(3S3n); silver nitrate, to brown-blackeilTer (340); arsenio, from arsenic 
l" iwenious ooinpouncis {394 e), and all soluble compounds, to black precipitate at 
^W>ii«(ST8); antiinoiilo compounds, to soluble antimonious compounds (422); biEmuth 
"Ita, t«nionoiide (307); cbromio acid, to green chromic salt, left in solution (166 f); 
fcrto salts, to fcrroits salta, lefl in solution (171 d) ; auiio chloride, to the violet preci- 
Ptate of gold (47Ii), Sulphurons anhydride, in ordinary relations a stmng rcdnciog 
"gent, serves to oxidize stannous chloride; warm digestion with sulphites and hydroehlo- 
'ioteid giving a preeipitfttfi of slannie oxy-snlphide, (8iiO,)jBiiSj. Nitric acid changes 
rtwnons to stannic compounds, chiefiy with formation of nifrie oxide and ammonium 
nifro/g — Fenicyanides effect the same change, with formation of fcrroeyanides ; and 
penuanganatoB, with production of mai'ffanous Halts. Many of theao reactions are ap- 
plicdble in distinguiahing staimouB from atannio aalti, A very dilute misture of ferri- 
sjEnide aud ferric salt uiaUea a delicate, though not distinctive test (or tin as a dyad, 

438. STANNIC oxide or anhydride (see 427) forma two well-marked hydratfis or 
i; slannie acid, HgSnOj, &'ad,meliutannie acid, HioSniOjc (variable). Stannic acid 
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is formed by precipitating stannic salts with alkalies (440) ; metastannic acid, by action of 
nitric acid on tin (426 d, then — SSnOs + 5HaO = HioSiisOis). 

Stannic acid is insoluble in water, but readily forms soluble stannic salts with hydro- 
chloric, sulphuric, and nitric acids, and soluble alkali stannates with the alkali hydrates; 
other stannates being insoluble. Metastannic acid is insoluble in acids, and does not 
form metastannic salts ; but dissolves in fixed alkalies, with formation of metastannates. 

439. The stannic oxide, hydrate, sulphide, and phosphate, are insoluble in 
water. The chloride and bromide are scarcely at all decomposed by water; 
the iodide, almost wholly decomposed by water (see equation, 432). The 
relations of stannot*5 chloride, bromide, and iodide, to water, are each quite 
the reverse of the corresponding stannic haloids, as shown by comparison with 
428. Stannic sulphate is decomposed by boiling its water solution. Stannic 
chloride and iodide are soluble in alcohol. 

440. The alkali hydrates and carbonates, and barium carbonate, pre- 
cipitate from solutions of stannic salts, stannic acid, H^SnOj, white ; soluble 
in excess of fixed alkali hydrates and carbonates ; insoluble in ammonium 
hydrate and carbonate (distinction from antimony). The alkaline solutions 
contain stannates : 

8nCl4 + 4EOH = H^SnOs + 4ECI -f H^O 

HaSnOs + 2EOH = EaSnOa + 2HaO 

SnOl4 +2(NH4)a008+ HaO = HaSnOs + 4NH4OI + 200a 

HaSnOs + E2CO3 = EaSnOa + HaO + CO2 

441. A peculiar precipitation of metastannic acid, HioSiisOis, is produced by most 
normal alkali salts, on boiling in concentrated solution. Thus: 

6S11OI4 + 20NaaSO4 + 15HaO = HioSn»Oi6 + 20NaOl + 20NaHSO4 
5SnOl4 + 20NH4NOa + 15HaO = H10S115O1B + 2ONH4OI + 20HNO» 

442. HydrosulphiLric acid and sulphides precipitate stannic sulphide^ 
SnS,, hydrated, yellow, having the solubilities given in 431 for sta.nnous sul- 
phide, with this difference, that stannic sulphide is moderately soluble in nor- 
mal, colorless, alkali sulphides. With the stannic sulphide precipitate, yel- 
low, we have these reactions, different from those in 431 ; the others being 
the same as with stannous sulphide : 
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443. Phosphates precipitate basic stannic phosphate, SiiaO(P04)3> white ; Ferrocy- 
anides give a white, and fexxicyanides, no precipitate. 

444. Stannic salts are reduced to Stannous Salts by metallic tin or 
copper. 

SnOl4 + 8n = 2BnOU 

Concerning the reduction of stannic compounds to metal, see 434, and 
blow-pipe reactions, 436. 

The behavior of stannic oxide in fusion with sodium hydrate and carbonate 
—used in separation from antimony and from arsenic — is described in 425 and 
in 463. 



445. Comparison of Certain Beactions of Arsenic, Antimony, and 

Tin. 

Taken as Arsenious Oxide, Antimonious Chloride, Stannous Chloride, or 

other soluble Compounds. 



HaS forms colored 
sulphides, soluble 
in (NH4)3S2, and in 
alkalies, reprecipi- 
tated by acids. 

NH4OH in excess. 

Zn and dilute H2SO4 



Dilution of saturated 
solutions. 



HNOs, concentrated, 
acting on the solids. 



As 



ni 



AS2S3, yellow, insol- 
uble in HCl, sol- 
uble in (NH4)a003 
(368). 



No precipitate. 



, (gas) (373). In 
AgNOa, forms Ag 
and H3ASO8 (377). 



HaAs04(385). Gives 
certain of the reac- 
tions of HsPb4 
(388). 



Sb 



ni 



SbaSs, orange, solu- 
ble in HCl, insolu- 
ble in (NH4)2003 
(405). 



Sba03, white (403). 

SbH3 (gas) (409). In 
AgNOa forms Aga- 
Sb, black precip. 
(411). 

SbOOl, white. Dis- 
solved by tartrate 
(402). 

Sb<i04 and Sb^Os, in- 
soluble (399 d, and 
413). 



Sn 



n 



SnS ; brown (SnSa 
yellow), soluble in 
HCl, insoluble in 
(NH4)2C08 (431). 



Sn(OH)a, white (430). 
Sn, a gray mass (435). 



SnaOCla, white (429). 



SnOa, insoluble (426 
d, and 437). 
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SEFABATION OF THE METALS OF THE FIBST AND SECOin) 

GROUPS. 

440. The separation of the First Group metals — lead, silver, and mercury 
of mercurous salts— from the other bases of the Second Group, ly hydrochloric 
acidf is complete for silver and mercury, but incomplete for lead (313). 
Lead could be separated from other second group metals by sulphuric acid in 
dilute solution ; but this applied to the original solution would also precipi- 
tate the fourth group metals, and requires a different grouping of the bases, as 
by Zettnow's process (472). So it is identified, if abundant, in the first group, 
and then removed in the second group (after the separation by ammonium 
sulphide) by sulphuric acid. In removing lead as a sulphide, if hydrochloric 
acid is present, the solution should be quite dilute (313). 

447. Although the only insoluble metallic chlorides are. the plumbic,, 
argentic, and mercurous, yet hydrochloric acid may produce precipitates 
in certain solutions which contain no first group base. The following are 
some of the conditions in which this occurs : 

a. An acid solution of antimony, bismuth, or tin, with some other acid than hydro- 
chloric, and saturated with water, as far as possible without precipitation, on the addition 
of hydrochloric acid, precipitates the oxychloride of the metal in question (288, 402, 429). 
These precipitates are readily soluble in excess of the hydrochloric acid, but so is a very 
slight precipitate of silver chloride (328). 

h. In a saturated solution of certain salts, as barium chloride, hydrochloric acid preci- 
pitates the salt without chemical change ; the precipitate soluble in a small proportion of 
water (84). 

c. In solutions of higher sulphides, as NaaSa (368, c), and of thiosulphates, as NasSaOs 
(697)— these solutions having an alkaline reaction — ^hydrochloric acid forms a precipitate 
of sulphur (700). 

d. The solutions containing double sulphides of alkali metals and arsenic, antimony, 
tin (gold, platinum, molybdenum, iridium); double iodides oi bismuth, copper, and first 
group metals; double cyanides of class (1) 617, and certain double thiosulphates, are liable 
to precipitation in the first group, as represented in equation b, 617. All these precipi- 
tates, except those of first group metals, are soluble in excess of the hydrochloric acid. 

e. All the alkaline solutions of metallic oxides, as potassium zinc oxide, are precipi- 
tated at the neutral point in the addition of acids. 

/. Alkaline solutions of antimonic, silicic, boracic (tungstic, molybdic, tantalic, and 
niobic) acids ; also of benzoic, salicylic, uric, and certain other organic acids, are precipi- 
tated by acidulation with mineral acids, many of the precipitates being soluble in hydro- 
chloric acid. (Thallious salts are precipitated as chloride.) 

g. Acidulation with hydrochloric acid may induce changes of oxidation or reduction, 
which, in certain mixtures, result in precipitation. 

If the solution taken for the grouping of the bases has an alkaline reaction, 
cannot contain a normal salt of a first group base; it may contain a basic 
salt, or one of the compounds noticed in c, d, e, or/. 
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If the first group pi'ceipitate be more thuii very slightly ilissolved by further 
»ddition of watur oi" of hydrochloric acid, it should be so dissolved bel'oie 
teediiig with the aiiiiljsis. If the precipitate is colored, or if it is found not to 
aword ^vith the reactions of any of the fii'st group bases, it should be treated: 
separately, as a solid substance taken for oxaniiuatioii, 

448. The separation of the First Group bases from each other, accoiding; 
to the Table. 794, is exeeediugly simple. PbCl, is dissolved in abundanci 
hot water; AgCl, in ammunhtm hydrate j while Hg^Cl, is leit insoluble 
oharaoteriatic black furui, as M"H„HgCl, 

If the lead ehlonde ia not all washed out with hot water, the anunoii 
lydrate will change it to insoluble basic salt (309), and leave it with the u 
sury on the filter. 

Let it be observed, if the first group precipitate contains but, one base, the 
ictioD of ammonium hydrate determines which it is : lead chloride does 
hange color; silver chloride dissolves; mercurous chloride blackens 

449. The presence of lead is easily ascertained in the dilute solution of itft 
hloride. A portion of this solution is treated for the sulphate, according ta 
he Table (794) ; carefully avoiding excess of acid (312) , an illustration ot. 
he important relations of lead salts with sulphates. Other poi tioua of Ifaia 
lilute solution give the more delicate test with hydrosulphuiic acid, and thfi 
haracteristic test with chromates, and serve to illustrate the tmpiii tiint lelo^ 
ions with carbonates and phosphates ; but a more coitcentiited soliti n n 
>e used in studying the precipitates which are soluble in excess ol their pre^ 
lipitants — those by fixed alkali hydrates, iodides, bromides, eti (Coneeii 
ead in second group relations, see 467.) Among the other testa made m study 
)f fii-st and second group metals, those involving reduction by metals and othej 
igenla slioiild never be nejilected. 

450. The presence of silver, in its ammoniacal first group solution, is ( 
:ermined according to the Table by reprecipitation with nitric acid, as Agl 
This test is exceedingly delicate, provided too much alkali chloride is i 
formed in the solution (338). For small quantities, it is better to expel Ihl 
fiCoess of ammonium hydrate by heat before adding the nitric acid, wbich n 
lot be in excess. 

Ir'For farther illustrative teats, reduce the chloride to metallic silver (340)^ 
Slther by zinc, set aside in the test tube, or by stannous salts, or sugar will) 
ilkali ; then wash the reduced silver thoroughly, and dissolve it in nitrio acid, 
IS AglTO,. 

451. The remaining base, mercury, "^ the black mercurosammoniumj 
chloride, for the farther teats in the wet way, may be obtained as soluble i 
curie salt by solution in nitro- hydrochloric acid. Good evidence of the r 
curoUB combination of the mercury has been obtained in the first group pre; 
Bipitalion, and in the color of the product with ammonium hydrate ; hut if the 
original solution is found not to contain other interfering metals, it may after-> 
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wards be used to obtain the distinctive reactions of mercurous salts with 
iodides, chromates, piiospliates, etc. 

452. In the precipitation of the Second Group, the acidulatlon requires 
attention. It must not be omitted because of an acid reaction of the original W"'. 
solution, unless it is known that free mineral acid is present. It must be suf- 
ficient for the formation of arsenious sulphide (368), and not too strong for 
complete precipitation of antimonious sulphide (405 6f). if the original solution 
is strongly acid — as after solution of dry substances by mineral acids — the 
excess of acid must be reduced by evaporation. Free chlorine is incompatible 
with the group precipitant, and if present must be fully expelled. 

453. Precipitates may occur in the second group, when no second grou 
metal is present. The precipitations by mere acidulation have been exclude 
by the first group work, but the precipitation of free sulphur may occur, 
follows : [a) with fading of a previous brownish-yellow tint, from ferric salt^^ 
(186) ; (h) appearing with a green color, deeper than a previously existing re 
or yellow color, or from nearly colorless solutions, due to chromic acid (166 a) 
(c) from free chlorine, bromine, or iodine, liberated by the dilute acid of th 
group reagents acting with chlorates, nitrates, bromates, iodates, hypochlorites 
etc., of the original substance. Indeed, several of these substances decompos 
hydrosulphuric acid without the aid of other acids. 

All the bases precipitated in the second group are thrown down as colore 
sulphides — yellow, orange, brown, or black — readily distinguishable from sul- 
phur by the lighter color and the lighter specific gravity of the latter. Th^ 
precipitate of sulphur may be disregarded — except as an indication of the pos- 
sible presence of some of the oxidizing agents, and, with the changes of color 
mentioned in [a) and (J), especially indicative that iron or chromium will be 
found in the next group. 

454. It \N ill be remembered that pentad arsenic is not precipitated short 
of treatment with the hydrosulphuric acid gas for several hours (387). Unless 
this time can be taken, the arsenic must be reduced to arsenious acid — by sul- 
phurous acid (394 a), or otherwise — or the systematic course of analysis may 
be departed from. In the latter case, the original solution may be used in 
Marsh's Test, if it do not contain nitrates or other oxidizing agents ; or the 
reduction in the dry way (381) may be employed. 

455. The separation of the bases of the Second Group, according to the 
Table, 795, begins with a division into three classes, by action of two solvents, 
yellow ammonium sulphide, and moderately concentrated nitric acid. We 
have, in the precipitated sulphides : 

(1) As, Sb, Sn— dissolved as sulphosalts by (NH4)9S9. 

(2) Fb, Cu, Bi, Od — dissolved as nitrates by HNOs. 

(3) Hg— dissolved as chloride by Ol. 



SSPARATIOIf ly THE I^lliST A. 

456. Dulnre «ppl} ing ammoiu'iun sulphide, the pieti] ii itc ai' suljiliidea 
must Ijq washed dean ot iitid, ftiid ut all siiti-linceB iii Ih hit ali?. \VhelUer;J 
the digesiiuii is pertui-iiied on ihe hlter, ui in the teiit tube oi* beakei-, th 
Iroouut ul' solvent should be as siiitill us possible 

The insoluble purtioi is filteied out, washed hrst with n little sulphide o 
^tnotiiuiii, then with seveiul purtiotis ot hot water, ttiid set nside. 

is first to bo deleiiiimed whether any base ha« been di'-sohed bj the suH 
phlde of animoniuni. This may be dune, in a small portion, by a drop t 
ililuWHcid; if the precipitate he "hiie, uncolored, eithei no sulphides 
Bn, were ia the group piecipitate, or thej i 
rwhelined by the solvent V\ c pli 
equfltious : 

2(HH.),AbS, + 3H,80. = Aa,S, (j'^H"") + 3INH,),SO, 

2(HH,).SbS. + yH,SO. = Sb,S, (orange) + 3(NH,)560, 

(NH.|,SaSj + H,SO. = BnSj {yeilow) + (NH.),SO, 

(HH.).3. + H=SO, = S (white) + (NH,).EO, 

It is evidently easy to mask the color of the sulphides by ar 
ortinD of free Bulphiir, some of which will always be present ; 
My douht, perhaps, as a general practice, it is better to pro 
wnmoiiium sulphide solution, to the final tests for arsenic, antimony, and tin. 

457. There is this imperfection in the separation of Aa, 8b, and Sn, as 
fflilptiides, by ammonium sulphide; that copper as sulphide is slightly dis- 
solved by the same solvent (376), Acids reprecipitate the copper suljihide, 
generally as normal CuS, but sometimes as a liver-colored sujier-sulphide, 
"liioh, with excess of sulphur, has nearly the color of SnS,, or As,S,. The 
■mount of copper bo dissolved and reprecipitated is smnll, and cannot simnlate 
Wtable quantities of arsenic, antimony, or tin ; but sucli a small loss of copper 
from the nitric acid solution of the group lessens the delicacy of the w ork for 
Iwt metal. Therefore, it is especially important to identify copper t)i the 
ynliminary examination —hy the bead or on charcoal, if the substance Is 
wild, snd by the tint, if in solution, and by the reduction on a strip of clean 
iron (280). 

Now, the fixed alkali super-sulphides — Na^S, or K,S, — do not dissohe 
Wppsr sulphide in the least, and they serve as solvents of the sulphides of Ag, 
Bb, and Sn, as well as ammonium sulphide ; but they dissolve mercuric sul- 
fhido (359 b), to an extent that involves a greater imperfection in the separa. 
tinnsoi'the group, than does the use of ammonium sulphide. However, if the 
pf*liminary examination shows mercury to be absent, it is better to use fixed 
lllwli sulphide for the separation of copper from arsenic, antimony, and tizi. 

468. Having removed the bases soluble as ammonium sulphosalts from 
w8 real of the group, we have to separate aTBenic, antimony, and tin, from 
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each other. This may be accomplished in several ways by certain solvenfi^ 
acting on the sulphides. And, to this end, the sulphides are reproduced ; tbe 
whole remaining alitaline sulphidic solution (456) being reprecipitated byii 
acid. 11* we employ separative 8olve7its, we may choose between three (368), 
viz. : ammonium carbo7iate, dissolving As^S, and leaving the other sulphides; 
hydrochloric acid, leaving Ab^S, undissolved and dissolving the other two 
sulphides (405 e, and 442, last equation) ; and alkali sulphites, which dissohe 
ASgS, and leave the antimony and tin undissolved. Neither one of these sol- 
vents eflbcts a strict separation, and more exact and satisfactory results are 
obtained by Marsh's operation (373) ; receiving all the gas in solution of silver 
nitrate (411), and treating the residue in the generator for tin (435). This 
plan is the one given in the Table for the second group (795). 

459. The separation of arsenic by ammonium oarbonate, as a sd- 
vent, has been used in the following plan ; 



Sulphides Precipitated from the (NHJ,S, Solution : Ab,S„ Sb,8^ SnS^ 

(S), (456). 

Digest with Solutio?i of Ammonium Carbonate and Filter (366 d). 



Residue : SnSa, SbaSs, (S). 
Dissolve in hot hydrochlorio acid (442, 421). 

Solution: SnOl4, SbCls- 

Treat with zinc and hydrochlorio acid in 'pres- 
ence of Platinum foil, m MarsKs apparatus 

(435). 



Deposit: Sn, (Sb). 

Dissolve hy hydrochlorio 
acid. 

Solution : SnOls. 

(Residue, Sb). 

Test hy mercuric chloride 
(363 a). 

Examine by 445, etc. 



Oas : SbHs. 

(Test the spots, 876.) 

Receive the gas in solu- 
tion of silver nitrate. 
Dissolve the precipi- 
tate (AgsSb) (411), and 
test hy HaS. 

Compare hy 445. 



Solution: (NH4)«ABSt-|-<NH4)tAB0i 

Precipitate hy hydrochloric acid; fil- 
ter ; wash the precipitate and dw- 
solve it by chlorine generated flnm 
a minute fragment of potassium 
chlorate and a little hydrochlorie 
acid (868 e). 

Expel all free chlorine (378). 

Solution: BsAji04. 

Apply Marshes Test, cls directed in 
373, testing the spots (370) ; receiving 
the gas in solution of silver nitrate, 
and testing the resulting solution 
(877). 

Examine the original solution, as in- 
dicated in 445, a/nd the text. 



The plan above given may be varied by separating amtimony and tin by ammonium 
carbondie in fully oxidized solution, as follows: The SbaS6 and SnSa are dissolved by 
nitro-hydrochloric acid, to obtain the antimony as metantimonic acid. The sohition is 
then treated with excess of ammonium carbonate, in a vessel wide enough to allow the 
carbonic acid to escape without waste of the solution. The (HaO)aSbaOo, forms the 
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metantimoniate, S(NH,),O.Sb,Oi (dibasic), or (NHi)]O.S1iiO. (m 

lOi (eqimtioi) in 440); and maj' b 



HGiinwhilH the SnOli is fuUy prenipitaLed as 1 
filtered out rroiii tliu solution of metantimoninte. 

The iinbilitj of failure, in this mode of separating antimony and tin, lies ii 
fonniition of metantimonic acid by nitro-hjdrocliloric acid. The ordinary 
acid foriDE a less soluble ammoaium salt (41S), but this acid is not so likely t 
diEsnlviiig as aiUifMnious cMorids, EbOli (according to 431). Now, excess of t 
oaibouate doe:* not redissolve tho EbiOi which it precipitates from SbOli, as stated 




i404.„ 



460. Spparalion of Araenio from Sb, Sn, Bi, Cu, and Hg, by trealmenm 
of thnir sulphides with strong Nitric Acid— the resulting nitrates being decom-^ 
posed by hcnt.* The washed precipitate of sulphide is treated, in an evaporat- 
ing dish, with nitric acid of sp. grav. 1.2 or stronger, that which is brown by 
presence of nitrogen oxides being best, until brown vapors are no longer 
evolved. The mixture is then evaporated to dryness. If separation from 
eopper or bismuth ia desired, the hent must be slowly increased (by use of a 
sand bath) to a temperature of 400° to 600° C, not reaching a red heat, and in 

uses insuring the expulsion of all sulphuric and nitric acids. The residue 
is now digested with hot water (for about ten miiiUtes), and filtered. Solu- 
tion: HjAbO,. Kesidae: Bb,0, or Sb.O^, SnO„ CuO and basic copper salt, 
BijO,, HgS. If copper and bismuth are to be separated, the heat must be 
sufficient to vaporize sulphuric acid, which is necessarily formed. For separa- 
tion of arsenic from antimony and tin, this is a convenient method, and gives 
exact results. The residue of antimony is soluble in nitro-hjdroehloric acid; 
that of tin, slowly soluble In hot hydrochloric acid. 



Ml. The solubility o: 
antimony and tin in soliil 



5 sulphide (368 d), and tho insolubility of sulphides o( 
ii'd fodium aulphiie, furnish a basis fur the following: 



Flan for Separating Arsenic Sulphide by Acid-Sulphites, and Antimony and Tin 

Bulphides, by Nitric and Tartaric Acidp. 
'ecfpltatiou of Ihe solntinii nt i<nl|ihwQllii vlUi iKMc rii/drochlorta 



arid and m 



ehyiinii 



sulphur 



Precipitate (a): Aa,S„ Sb.Ss, 

Tranater precipita/e (nl to a 1c*1-iii1ih or Iwpkcr, and dig 
point, for aome Umt:, in a ^olnllan of sodium acit' v 
Enlphuraua add. Filter and wa^h Ihc teeidoc. 

Solution (4): Na,O.A»,0,, Ka,B,0,; (NaHBO,) (388, d). 

Residue (e): Sb,S,; SnS, (free sulphur). 

Aoidnlate wTu/ton tf:) wilb ksdrofMtric acid ; i 

with nitric acid ; Alter nnd wnsli from Iho 
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Digest residue (c) with hot, concentrated nitric acid in an evaporating dlflh, 
and expel the excess of acid. 

Product (d): Sb304; SnOs (sulphur and Ha804) (899 dy 426 d). 
Treat the product (d) with hot eolation of tartaric acid^ and filter. 

Solution (e): (SbO)3C4H406 ; (excess of acids). — (401 a.) 
Residue (/): SnOa, as metastannic acid (sulphur). 

Test solution (e) with hydrosnlphuric acid (and hydrochloric add) for anti' 
mony ; testing farther by dissolving the sulphide, etc. 

Fase residue (/), with sodiam carbonate and cyanide, on charcoal, and ex- 
amine for tin (436). Dissolve in hydrochloric acid ; test with mercuric 
chloride, etc. 

462. If the acid solution of As, Sb, and Sn — prepared by dissolving the sulphides in 
hydrochloric acid with potassium chlorate — is treated with boiling solation of Bodimn 
thioBulphate, the arsenic and antimony are precipitated as sulphide (369 and 406), the tin 
left in solution. 

The sulphides of An and Sb, so produced, may now be separated by hot solution of 
sulpliitcs with sulphurous acid, as directed for precipitate o, 461 ; leaving the arsenic in 
solution, and the antimony as residue. 

We now have : 

Solution (a): SnOl4. (Precipitate by H3S; also reduce with Zh and test.) 
Solution (b) : Na30.AjiaOs. (Treat as directed for solution b, 461.) 
Residue (c): Sb9S6. (Dissolve in hydrochloric acid, and test.) 

463. The separation of An, Sb, and Sn, by fusion with sodium salts and oxidizing 
agents, is indicated in 425. It will be seen, from the statements at the close of that para- 
graph, that when SnOa is fused with sodium hydrate, a stannate of sodium (NasSnOs) is 
formed, which dissolves in water; but when fused with sodium carbonate and nitrate (at 
a heat which does not convert the latter salt to caustic soda), it remains as stannic oxide, 
insoluble in water. 

Now, the fusion of fully oxidized arsenic and antimony with sodium carbonate and 
nitrate (with or without caustic soda) converts both these elements into the (non-volatile) 
sodium arscniate and dibasic metantimoniate — NasA804 and Na4Sb307 — the arseniate 
soluble, and the antimoniate insoluble, in cold water. The dibasic metantimoniate is in- 
soluble in water by conversion into monobasic salt, NaSbOa, if the water be not strongly 
alkaline (418). 

Hence, fusion of fully oxidized As, Sb, and Sn with sodium hydrate, enables us to 
separate antimony from arsenic and tin ; fusion, with sodium carbonate, etc., without 
sodium hydrate, separating arsenic from antimony and tin. 

The fusion with sodium hydrate requires a silver crucible. 

Separation of fully oxidized Arsenic, Antimony, and Tin, by fosion with Sodium 

Carbonate and Nitrate, and Reduction. 

The sulphides precipitated by hydrochloric acid from the solation of snlpho- 
salts are taken for oxidation. 

Precipitate (a) : AsaSs; SbaSs; SnSa (sulphur). 

Digest, in an evaporating dish, with hot nitric acid, in repeated portionfl, 
and evaporate to dryness at a gentle heat. 
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Resiioii (/j): Ab,Os: Sb,0,; SnOj (free sulphur). 



eodtumnitra/e; funs (lo a porcelain i 



1 cuTbonate, and two 



and PDtU 
fmiDg point of Uiemue. 
irize, and digest Id ceid 



water. FUter. 

Solution (c): NajAaOi (sodium cotbonate and nitrite). 
Residue (({): Na.SbgO, and (bj action of water) HaSbOg; SnOa. 



eenialKS niuj bs 
Treat Msldua irf) w 



kydTocliloric acid, bot, UDIll dinolred. 
iparingl; acldulatsd and Cranerei to a plaU- 
ili witti B piece ot plalinsm foil <rineiiig ont 
.7 have lieen precipitated b; the water), uid 
and tio, vilU zinc, according to 408. 



Deposit («); Sb (stnining the platinum); Sn (not adherent). 

Rinse the darl^ Bpongr precipitate from tlie zIdc wlUi water, e 
zinc. Treat the precipitate and tlie stained platinnin wi 
ately concpotrated hydrochloric »c!d. Treat the eta: 
Beparalely. first wilh hot nrtrlc acid, then with toncentral 



Solution (/): BnCl,; ZnCl,. (Testfortin, with 



Solution (g): <SbO)^C,H,0,. (Obtain the sulphide; dissolve in solution of KtOOi--*^ 
40.5 d). 

If with the fasion, as above, sodium hydrate be added : 
Solution (f): NasAsO,; NaiSnOa (sodium jiydritlij, carljonate and nitrite). 
Residue (d): Na,Sb,OT and Iby action of water) NaSbOg, 

AddalntB soiuIloD (c> v'llhinilpli'irlcacid.indexpc] ail nitrons gas, and con- 
duclJIarah'a Test for arsenic ; eiamloloe the reaidne (ortJn, accord- 
Dissolve reeidOB (li) with hydmchlnric acid ; ohlaln the enlphide of anti- 
mony ; dieaolve the latter, and test. 



464. The Second Portion of the s. 

455, and washed as tpecified in 456- 
nitric acid- Nitrous gas passes off, 
phur is left, togelher with the black n 
sent. The solution occurs mostly w 



icond group bases — obtained as stated in 
-is dissolved in hot, moderately dilute 
instead of hydrogen sulphide; and sul- 
ercurio sulphide, if any mercury is pre- 
ith evolution of IfO, and essentially as 



shown for copper, and lead, in equations 270 a, and 311 a. Traces of HgS 
may dissoWe ; and, if the nitric acid be strong and its action prolonged, more 
than traces of PbSO, (white) may be formed, and left insoluble with the mer- 
cury — according to equation S, 311. Some, or all, of the lead sulphate may he 
dissolved by the strong nitric acid; but, as the acid loses strength in the 
digestion and during filtration, it will precipitate from this solution. And it is 
\ even less soluble in dilute sulphuric acid, its precipitant, than in water (308). 
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The excess of nitric acid is mostly expelled by evaporation, and water is 
added, but not sufficient to precipitate bismuth (288); and if a white precipi- 
tate is seen to form on dilution, it is dissolved by sufficient nitric acid. 

465. The solution is now tested, consecutively : 

(a), with sulphuric acid (and alcohol) to precipitate lead; 

(J), unless removed in first group, with hydrochloric acid to precipitate 
silver ; 

(c), with excess of ammonium hydrate to precipitate bismuth, white (289), 

to dissolve copper, blue (274), 
and to dissolve cadmium, colorless (301). 

Tests (a) and (J) are each made in a small portion of the material ; if, by 
test (a), lead is detected, then lead is removed from the whole material by 
precipitation with sulphuric ^cid and filtration. The same course is pursued 
with test (h) ; and in ordinary analysis silver is never found in this group, 
being removed in the first group. This precaution provides against the addi- 
tion of a large excess of mineral acids to the whole material, which will then 
be so greatly diluted by neutralizing with ammonium hydrate that test (c) is 
of no value. And in case lead (and silver) have to be removed, the filtrate 
should be evaporated to expel the excess of acid, then used for test (c). 

466. Some analysts dissolve the sulphides, (2) 455, in concentrated nitric 
acid, then dilute and add dilute sulphuric acid (and alcohol) Je/bre filtration ; 
leaving the lead with the mercury— PbSO^ with HgS. This residue is then 
boiled with ammonium acetate, which dissolves the lead sulphate, as stated in 
312, and leaves the black mercuric sulphide (with free sulphur) undissolved. 

467. In any case, the addition of alcohol renders the sulphuric acid test for 
lead much more delicate (312) ; but the alcohol must be added very spar- 
ingly, and with a full knowledge that cupric and other sulphates are insoluble 
in alcohol, unless it be very dilute, and these salts may be precipitated by its 
free addition. 

The formation of the yellow precipitate of lead chromate, from the white 
precipitate of sulphate (312), is a convenient confirmation. The solubility of 
the lead chromate in fixed alkalies distinguishes it from the yellow bismuth 
chromate (292), and the same reaction is a characteristic of the sulphate (see 
449). 

468. The precipitation by water, in this section of the group, is character- 
istic for bismuth (288). The reduction of the precipitated hydrate by sugar 
and fixed alkali, with black color (297), distinguishes bismuth from lead and 
from copper, the latter being thereby reduced with a reddish- brown color 
(280). 

469. Owing to the waste of copper sulphide by ammonium sulphide, dis- 
cussed in 457, a rigid analysis for this metal is most easily accomplished by 
examination of the original solution, or of the filtrate from the first group, by 
reduction with iron, or iron and platinum, according to 280. 
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The reduced copper may be dissolved by nitric acid, for further reactions. 

470. The Table directs the test for cadmiuni, by hydrosulphuric acid, in the 
ammoniacal solution, which may contain copper or cadmium, or both. Now, 
both copper and cadmium are precipitated as sulphides in alkaline solutions 
(276 and 301 ) ; if the precipitate is yellow^ it cannot contain much cupric sul- 
phide ; if it is black, it may consist largely of cadmic sulphide. But we have 
two agents capable of readily separating CuS from CdS (276) : 

Solution of potassium cyanide dissolves CuS, and leaves CdS undissolved. 
Hot dilute sulphuric acid dissolves CdS, and leaves CuS undissolved. 

471. The separation of mercury, by the insolubility of its sulphide with 
nitric acid (455, portion 3) is generally satisfactory, but it is not rigorously 
exact. There is usually an excess of sulphur with it, but the color of HgS is 
intense enough to blacken a large quantity of sulphur. This precipitate may 
be treated with carbon disulphide to dissolve away the free sulphur ; then 
dried, mixed with sodium carbonate, and sublimed in a small glass tube closed 
at one end (363), with good results. 

The solution with chlorine is generally tested by reduction, most often 
with stannous chloride. Reduction requires, as a matter of course, that the 
excess of chlorine should first be expelled. 

The test by ammonium hydrate (347 and 357) is exceedingly delicate for 
mercury — in either class of combinations — though, of course, not characteristic 
to the eye. It may be used, in any solution, to confirm the absence of mercury. 



472. Flan for separating the Bases without the use of Hydrosulphuxio. 

Acid or Ammonium Sulphide.^ 

The solution (a) may contain salts of: 

I.— Fb, Ag, Hga" ; 
II.— Ca,Ba, Sr; 
III.— NH4, Na, K; 
IV.— As, Sb, Sn, Hg", Ou, Od, Bi; 
v.— Pe, Or, Al; 
VI.— Mn, Mg, Oo, Ni; 
VII.— Zn. 

Add hydrochloric add to the Bolntion (a) ; agitate, filter, and wash. 

Precipitate (&): (PbOla); AgOl; HgaOla. 

Solution (c) : Salts in solution (a), except Ag and Hga". 



♦ Zettnow : JPOggendotff's Armalen, 180, p. 324; ZeUsch. /. ancU. Chem., VI. (1867), 438 ; WaUa'' Dic- 
tionary, First Sapplement, 124. Arranged in tabular form, by H. C. Bolton ; Amer. Chem., m. (1873), 452. 



Methods for Bbpabatinq ths Basks. 



The/radin prtcipilBle <ft> ie aeparated bj Ao( vmterinS flllmtlon, ihenpro- 
elpllaled wiib Bnlphuttc acid, etc. The aOver li diMoived bj ammo- 
nium kyarale. uid reprecipllaUd bj niiilc ncld ; Ivovint; Ibe menniry 
■8 ■ black nsRldUB, beuLuble in umnODlDin bjdnte. but eolubls In nltro- 
b]rdrocbloHc acid. 






m (c) li 



a ol dilate lulplatr. 



acid ; tbe prf clpi- 



PrecipitatB(ti}: OaSO,; BaSO,; SrSO,; {FbBO,). 

Solution {«): Olasaea in„ TV., V., VI., and VII., of solntion (a). 

From precipiute {iI)— the caldum eolpbate le dissolved by sgitaCton wltb 
tola walfr, snd IhoQ preiipllaWd by ammonium oxalate. S« tarthar, 
for csleltun, under ailrala (*). Tbea, tbn lead Bnlpbnie ie aisaolved out 
fay Htlntionnf anin»nlu>n farfratewitb nramoniuin bydrate. tbe Boln- 
tian acidulated witb itcedc acid and precipitated by chi-amaU. Tbe reai- 
duB— insolDbie In water luid in ammonrnm tartrate— containa tbe lia- 
Ttam and Btrontium ealpbalea. [These may be Mparated by Brrt 
traoBfonnlng ibem Into norbonules. by boiling with BOdlum carbonate, 
Altering, and iTBublng out tbe sodium anlpbate ; then dissolving Itiecai- 
bonatus In ki/ilroc/doriii add, evaporating to dryneec^ dlgeetitlg In a6to- 
luU ako/iol, &aiie\lerins. Theresldue of bariiun chioHde, free from 
alcohol, dissolved in water, sbould W prmlpilated by mlutlon if itnm- 
(ivm ijUphata. The alcohol solallon (atrontlum. cbloride) may be 
tested (or strontium witb ttusfiarne.] 



««piirtandajjp! 



IB roll. 






5r part is tested 



Anaaonla a detected in vapor, on adding eicew of soluHon of barium Hjf 
dni<«, and boiling. The barium is then removed by precipitation with 
ammoBlaro carbonalelor dilute eulpburic add), fllleringand Igniting the 
evaporated flllrat*. The residne laeiainlned 
^iijn,b^fiame colon, both viilb and witbou 

The ai part ot solution (e) has yet to be tested for classes IV., V., VI., and VnJS 
Sb, Sn, Hg", On, Od, K; Pb, Or, AI; Mn, Mg, Co. Ni; '. 

This portion of Bolntion(«)— left witb tbe raoesn of 

formation of preoipitalo (d)— is treated with iJne at 

/oU ta iTarih'B apparntui. Tbe evolved Rae is te 

antimony— more perfectly by condnctlngti into Boll 

aod proceeding as elsewhere provided. Tbi 

Ing mctaifl of tbe fourth class. 
Heat tbe generating flaak ten or fifteen mlnBles, and filler. 

Deposit (/): Sb, Sn, Hg, On, Od, Bl. 

Filtrate (ff): Fa, Cr, Al; Mn, Mg, Co, Ni; Zn (as sulphates). 

DepoBll (/ ), well waabed, \s treated in an. 



Solution (A) : Nitrates nf Hg, Bi, On, and Od. 
IUsidue{(): (Sb,0,), SnO,. 

Test half of polntlon (ft) witb rionnmu e/ibtride f nr Bleronpy. To tbe other 
half add hydrochloric acid, and boll ; then add nresiqf sodium hydraU. 
The precipitated bydratenot bismntb, copper, and eadtnli 
on the filter (after muhiiig) ivlth arnimnium hydraU a 




HBTBODS FOR SEPASATINa THE BASES. 



'. Tho bisnrath is iefl ondinsolved ;• the copper and cad- 
In tbeir Hiuiooula wlulionii. The copper in recggnlzed by lU 
md b; precipilatlon with /dtm^anltfe, nf ter acidulsllun. The' 
m is dlsflnguished from copper by precliiltitioii by sodium ftj- 



drale la tht 
Bsaidiie (i) \s waehcd, 



with hydrocliiOFic odd, nbich dieaclvee 
iDUmanic add, aad leaves the meta^tannic acid undisEOlved. Tbo 
loD 1b tc&Led wiLh ptatinum anii ^nc Tdf antimony. The terddua 
BOlTed, with iKtiqo of nascent hydrogen, by Af/drrxMoric add teith 
and leeted wiih mercurtc cHloridt for tin. 



Treat iltrate Ig) wi 
Buiphocyaitale, 1 



Precipitate (j"): Or-(OH)„ Al,{OH),, with Fe,(OH)., and excesa of BaCO 

FiltMte (i) ; Mn, Mg. Oo, Nl : Zn (as sulphates). 

Treat preclpltato Q'l niUi dilute MUpbaric acid, lo remove tbe bariDm, and 
niter Boll the flllrato to expel carbonic anhydride ; then boil with ra- 
ct!>qf sodium liyaralt.^ni digeBt with a Uale polatei'im permaiiganale 
to oxidize the chromium to cbroraate- Test a portion of itue »oda golu- 
tlou with Jeaif anelale (eJIri acldulalion wli h acetic acid) for obroniium. 
Treat another portion with ammonium cMoride in exceea for preripita- 
tion of ^Inpijnlnm ft 
Prom nitrate (It), remoi'c the barium by adding a very slight ciceBBof enl- 
phnricacid. and altering; then add ammonium carlmiate Is eligbt ex- 
cess to preclpitule manKanese, and filter, Tusi h purtinn of liie pre- 
cipitate for manganeae, by fusion m lib aiMum nllrali: and rarbmali. 
Treat another portion for calcium, wbith i^yiipip prtcipilatK d. by add- 
ing ammonium bydrale to neutralize; tiieu mui:L aiamoiii'im c/dertde, 
end ammimiiim taalate. To tbe flltiste, aM lodiiim plwepAate topnd- 
pltatB mainesliini, and flller Evaporate Ibe filtrate to dryness ; it 
roar CDnlaln robalt and niclcet. DiBeolve It In bydrochlorlc aeld, and 
aM pataiilvm itilrite and arttie acUl md ieaif aomo hours to praclpi- 
tateoobalt, snd filter. To the filtrate, add lodlinnhi/iiralt, for the pie- 
cipilation of nickel. 



'o taBt for zinc {lettealA dassi, Uke a poi 

phuric and hydrochloric acldaand fllti 

sodium S^rfro^'e, and fllier.l The flltc 

tralized with amjnimic carionate, and treated nlib ami 

long as ammonia eccapes. and again filtered. Tbe las 

wltbpodwjium/ftTocBOiiide for a precipitate of zino. 



Bolntlon (e) — or prepare it 
snt, successively, with snl- 
and warm witli cxcMi ijf 



1 Itydrocfdoric add, and the so 



?d with much mater, for the i 
r made as followa ; The soir 



• The residue Is 
mt^n determinalli) 

■f In cape that much copper is present, the test for cadmium 
I strongly acidulated with hydj-ocliltn-iii add, and boiled ; then, while hot, treated wltb succeeaive Kinall ad- 
lUoni of Hilntlon of todiiim thbusulphuU, to completion of the black prccipitala, the liquid being milky 
flth anlphor. After filtration, the flltrato is tested by sodium hjdrate for cadmium, 

X If the presence of phosphoric arid \i to be provided for, add snfBcient/erric chloTidt, and 
Dro nenlializlng and adding barium carbonate. 

% Manganese, and even iitber meti^a belonging la filtrate t, may be precipitated from tbelreulphatesby.' 
arinm carbonate. In absence of anffidmt ammonium chloride. 

1 Zettnow directs to " boil " tvith the excess of sodium hydrate, bnt this is 



set >m-^| 

stesby-^l 



GOLD. 

473. Gold is not taroished or affected bj air or water at any temperature, or by llj- 
droHiUpburio acid. Neither nitric uor hydrocliluric acid attacks it undtr any conditioin; 
but It is rapidly attacked in vapor or solution by ohloziiie, dissolving' promptly in nitio- 
hydrochlorio ttcid, as auric ekloride, AuOl,; iiy bromine, dissolving in bromine water, 
OS aurie bromide, AoBrti and tiy iodine, dissolving when finely divided in hydnotiiB 
»cid by Hid of the air and potassium iodide, as po/uMium auric iodide, EZAuIi (a), Oj- 
anlda of potassium solution, with aid of the air, dissolves precipiUited gold &a potas^um 
a/wrocyanide, KAuOyi (i): 



a. SAn + 
h. 3Au 



2KI 



30 = SKIAuI, + 3H,0 



4KCJy 



+ H,0 



SKAuCy, ' 



SKOa 



474. Gold forms two oxides: aiiroiw, Au'sO, and auric, Au"',0,; but forma no 

r Btuble oxj-salts. It forme the twi> . iu~^si>3 of haloid sails, currespoiidijig to tbe oxides. 

I -iTie aurous ehloride, AuOl, and ulher uursus salts, are either insoluble in water or de- 

\ 'Oomposedby water with partial solution and separation of gold, SAnCl = SAu-l- AnCli. 

iric chloride, AuOlg, and bromide, are soluble in water; the iodide decomposed 

f water, with precipitation of yellow aurous iodide; the sulphide insoluble in water. 

■e many double salts of gold and alkali mutals, mostly soluble in water; double 

[ 'ohlorides and iodides; aurocyaiiiUes, as NHiAnOyg. and aiiricyanides. as KAnOy,; and 

sodiD aurous thiosulphate. Na,Au(SiOi)i, soluble in water. 

Gold is most readily separated iind distinguished by reduction to the metallic state. 



476. Fixed alkali hydrates d 

ammonia aurate, (irH:j,Au,0,, 
aoid, and sulphides, give, in culd \ 



not precipitate solution of auric chloride; 

concentrated solution, a reddish-yellow 

' fulminating gold." — Hydro sulpburio 

jlutions, a black precipitute of luirie sul- 



phide, Au,8, ; in boiling chajigcd to aurous sulpJiic/e, A\l,S, hri: 
sulphides are slowly Bolnble in yellow alkali snlphidee, ibrmitig alkali gui- 
jjAflwrre^eB, as Na,AuS,; not soluble in colorless alkali sulphides; soluble in 
nitro-hydro chloric, not in nitric or hydrocliloric acid. Acids reprecipitate 
auric sulphide from the sulphaurate solution. 

Potassium iodide, added in small portions (o solution of auric chloride 
(bo that the latter is conatautly in excess where the two salts are in contact), 
and when equivalent proportions have been reached, gives a yellow precipitate 
of aurous iodide, Aul, insnlubln in water, soluble in large excess of the 
reagent; the precipitate accompanied with separation of free iodine, brown, 
which is quickly soluble in small excess of the reagent as a colored solution 
[AuCa, + 4KE = Aul + 3KCa + 21 with KI]. But, on gradually add- 
iiig auric chloride to solution of potassic iodide, so that the latter is in exoesa 
at the point of chemical change, there is first a dark-green solution of potasaio 
auric iodide, EX&uI, ; then a dark-green precipitate of auric iodide, Aul^ 
very instable, decomposed in pure water, more quickly by boiling ; changed 
in the air to the yellow aurous iodide. 



Platinum, 14.^ 

All reducing agents are oxidized by auric chloride, with precipitation of 
gold — at first of a brown to a violet color, acquiring, when triturated, the color 
and lustre which distinguish it in mass. The metals, and all lower oxides and 
salts, reduce gold. Ferrous sulphate forms it in brown precipitate ; stan- 
nous chloride gives a purple precipitate, ** purple of Cassius," Au,0, contain- 
ing the oxides of tin : 

2AuOl3 + 6FeCla = 2Au + 8FeaCl« 

476. Gold is reduced from many of its compounds by light, and from all 
of them by heat — its separation in the dry way being readily effected by 
fusion with such reagents as will make the material fusible. Very small pro- 
portions are collected in alloy with lead, by fusion ; after which the lead is 
vaporized in " cupellation," as described for silver (341). 

477. Gold is separated, from its alloys with silver and base metals, by 
solution in nitric acid ; the gold being left as a black-brown powder — together 
with platinum and oxides of antimony and tin. When the gold-silver or gold- 
copper has not over 20 p. c. gold, nitric acid of 20 p. c. disintegrates the alloy, 
and effects the separation; when the gold is over 25 p. c, silver or lead (three 
parts) must be added, by fusion, to the alloy before solution. (If gold-silver 
alloy contains 60 p. c. or more of silver, it is silver-color; if 30 p. c. silver, a 
light brass-color ; if 2 p. c. silver, it is brass-color.) 

Tf gold and other metals are obtained in solution by nitro-hydrochlorio 
acid, leaving most of the silver as a residue, the noble metals can be precipi- 
tated by zinc or ferrous sulphate, and the precipitate of gold, silver, etc., 
treated with nitric acid, which will now dissolve out any proportion of sil\5er 
not less than 15 p. c, to 85 p. c. of gold, and dissolve the baser metals. Con- 
centrated sulphuric acid dissolves silver, and leaves gold. 

Oxalic acid reduces gold from solution, not too strongly acid, slowly but 
completely. To the auric chloride, it is better to add both ammonium oxalate 
and oxalic acid. Platinum, palladium, and the second group metals are not 
reduced by oxalic acid ; hence, whenever the systematic analysis of a solution 
is made to include gold, this metal should be tested for and removed hy oxalic 
acid, before the first and second group precipitations. 



PLATHniM. 

478. A tin-white metal, nearly as lustrous as silver, fusible in the oxy-hydrogen blow- 
pipe flame, by which it can be vaporized. It is obtained as a sootblack powder — 
" platinum-black " — by reduction from solution of alkali and alcohol ; and as a gray, 
porous, slightly coherent mass — '* platinum-sponge " — by ignition of ammonio-platinic 
chloride. Both these bodies are remarkable for adhesive power; and both, by strong 
compression, become compact, malleable, and lustrous, in the ordinary form of the metal. 
Platinum is not affected by air or water, at any temperature ; is not sensibly tarnished 
by hydrosulphuric acid vapor or solution; and is not attacked at any temperature by 



150 Platinum. 

nitric acid, hydrochloric acid, or sulphuric acid, but dissolves in nitro-hydroohloiio 
acid, to platinic chloride, less readily than gold. 

479. The Preservation of Platinum Vessels requires that it be remem- 
bered; (1) That free chlorine and bromine a>ttack platinum at ordinary tem- 
peratures (forming platinic chloride, bromide); and free sulphur y phosphorus^ 
arsenic, selenium, and iodine, attack ignited platinum (forming platinous sul- 
phide, platinic phosphide, platinum-arsenic alloy, platinic selenide, iodide). 
Hence, the fusion of sulphides, sulphates, and phosphates, with reducing 
agents, is detrimental or. fatal to platinum crucibles. The ignition of organic 
substance containing phosphates acts as free phosphorus, in a slight degree. 

The heating of ferric chloride, and the fusion of bromides, and iodides, act 
to some extent on platinum. 

(2.) The alkali hydrates (not their carbonates) and the alkaline-earths, 
especially baryta and lithia, with ignited platinum in the air, gradually cor- 
rode platinum (by formation of platinites : Pt -|- BaO + O = BaO.PtO). 

(3.) All metals which may he reduced in the fusion — especially com-- 
pounds of lead, bismuth, im, and other metals easily reduced and melted — 
and all metallic compounds with reducing agents (including even alkalies and 
earths) form fusible alloys with ignited platinum. Mercury, lead, bismuth, 
tin, antimony, zinc, etc., are liable to be rapidly reduced, and immediately to 
melt away platinum in contact with them. 

(4.) Silica with charcoal (by formation of silicide of platinum) corrodes 
ignited platinum, though very slowly. Therefore, platinum crucibles should 
not be supported on charcoal in the furnace, but in a bed of magnesia, in an 
outer crucible of clay. Over the flame, the best support is the triangle of 
platinum wire. 

(5.) The tarnish of the gas-flame increases far more rapidly upon the already 
tarnished surface of platinum — going on to corrosion and cracking. The sur- 
face should be kept polished— preferably by gentle rubbing with moist sea- 
sand (the grains of which are perfectly rounded, and do not scratch the metal). 
Platinum surfaces are also cleansed by fusing borax upon them, and, by diges- 
tion with nitric acid. 

480. Platinum forms two ozideB, platinous oxide, Pt"0, and platinic oxide, Pt""Oi 
— ^both of which represent corresponding classes of oxy-salts and haloid salts. The oxy- 
salts are instable. — None of the platinous compounds are permanently soluble in pure 
water ; the chloride is soluble in hydrochloric acid, the sulphate in water acidulated with 
sulphuric acid. — Platinio chloride (PtOl*) and bromide, all the platinicyanides (as 
PbPtCye), and the platinocyanides of the metals of the alkalies and alkaline earths (as 
KaPtCy*), are soluble in water. The platinous and platinic nitrates are soluble in water, 
but easily decomposed by it, with the precipitation of basic salts. The larger number of 
the metallo-platinic chlorides or " chloroplatinates " are soluble in water, including those 
with sodium [Na^PtCle or (NaCl)2PtCl4], barium, strontium, magnesium, zinc, alumi- 
nium, copper; and those with potassium, and ammonium, are sparingly soluble in water, 
and owe their analytical importance as complete precipitates (40) to their insolubility 



in alcohol. Of tho melaUo-platinous chlorides (tho "chloroplatinites") — those with eo- 
diuiti [NaiPtCli or (NaCI)iPtOL,], and barium, are Eoluble; zinc, potassium, und ummo- 
nium, spiiriDgly soluble ; lead and silver, insoluble in water. Platinic sul^hale, Pt(SOi)i, 
la soluble in water. 

481. Flatinons chloride, FtCI], is a. greenish-brown powder, soluble in hydrochloric 
add without change, as a dark-brown solution, which remains platinous il protected from 
the air, but becomes pliitinic in contact with the air. The purely platdnons chloride Boln- 
tion is precipitated b; potauitun hydrate aud sodium hytlrate as platinouB hffdmie, 
Ft(OH),, dark-brown, soluble in escess, as alkali platinite, KiO.PtO, etc, ; from which tl- 
kaline solutions, alcohol precipitates " platinum blacic " (4T8). — Ammoniniu hydrate gives - 
a green crystalline precipitate of plalino-diammomtint chloride, NgHiPtCli, in^luble in 
cold water and in alcohol (compare S47). Hydzoaulphurio acid very slowly precipitates 
flaMiioua sulphide, PtS, black, sparingly soluble in water, not aSected by the acids or 
chlorine or potassium hydrate, sparingly soluble by anunonium sulphide. — Iodide of po- 
tassium slowly precipitates platinous iodide, PtI], red-bi'own to black. — Oxalic acid pro- 
duoee no change; fertotu sulphate (slowly), and zlno (quickly), reduce the meial. 

483. Flatinic Chloride, PtCl,, is a brown-red Bolid, dissolving in water, 
or alcohol, as it rcddlsh-jellow solution, permanent in the air. — Fotasaima 
hydrate, and am m on ill m hydrate, give, in solutions not very dilute, a yel- 
low crystalline precipitate, as potassium platinic chloride, or potassium chlo- 
roplatinate, (KClj^PtCl,, etc., slightly soluble in water, insoluble in alcohol, 
soluble in excess of the alkalies, and reprecipitated by hydrochloric acid. 
Chlorides of potassium and ammonium give the precipitate, the most nearly 
complete. Carbonates of potassium and ammonium form the same precipi- 
tates, insoluble in excess. Sodium carbonate gives no precipitate. Sodium 
hydrate slowly precipitates, in moderately concentrated solutions, after warm- 
ing, the (brownish-yellow) sodium platinate, NajO-PtO,. — Potassium iodide 
colors the solution brown-red, and precipitates the black platinic iodide, PtI, ; 
with excess of the reagent, forming the sparingly soluble joo^assizon^ZaiiMic 
iodide, (Kl)jPtl., brown. Sodium iodide the same. — Hydroaulphurio 
add, and ammonium sulphide, slowly precipitate the \i\Biik platinic sulphide, 
PtS,, slightly soluble in water, soluble by chlorine, and EOluble in ammaiiiuin 
sulphide, as ammonium sulphoplalinate ; sodium sulphoplalinate is likewise 
soluble, reprecipitated by acids. Phosphates form no precipitate. Bediiction 
is not effected by oxalio acid (distinction from gold); is slowly accomplished 
by ferrous sulphate, and rapidly by zino ; also by chloral hydrate, and 
excess of alkali with heat (formiate) ; the reduced metal being, in each case, 
in black powder. — By the reducing blow-pipe flame, the compounds of platinum 
are reduced to spongy platinum. 



152 Palladium. 



PALLADIUM. 



483. A white metal, more lustrous than platinum, with which it is classed, in accord- 
ance with its general properties. It is, however, a little more fusible and volatile (in the 
oxyhydrogen flame), and much more oxidizable than platinum. In the air, it is little 
tarnished at ordinary temperatures, but at a red heat it covers with oxide. — It is slightly 
attacked by boiling hydrochloric or gulphuric acid ; dissolves in nitzic acid, with forma- 
tion of pallacjic nitrate, and if in the cold, with separation of nitrous acid, which remains 
in solution; more readily in nitro-hydrochlorio acid, as palladic chloride, FdCl4. It is 
blackened by alcoholic solution of iodine (distinction from platinum). 

484. Palladium forms one stable oxide, palladious, FdO, and two chlorides^ palladions, 
FdCla, and palladic, PdCl4. The latter is the most stable of the palladic combinations, 
but is reduced to palladious chloride by boiling in water, and by dilution with much cold 
water. 

485. Palladious chloride is readily soluble in water with a brownish-red color; with 
metallic chlorides, it forms double chlorides, as potassio palladious chloride or " potassium 
chloropalladite," (KCl)aPdCla, all of which are soluble in water. — Palladious iodide is 
insoluble in water, alcohol, or ether; insoluble in dilute hydrochloric acid or hydriodic 
acid; slightly soluble by iodides and by chlorides. — Palladious nitrate, Pd(N08)«, is 
soluble in water with free nitric acid ; the solution being decomposed by dilution, evapo- 
ration, or by standing, with precipitation of variable basic nitrates. Palladious sulphate, 
PdS04, dissolves in water, but decomposes in solution on standing. 

The instable palladic chloride, brown-black in solution, forms double chlorides with 
the metals — as calcio palladic chloride or ** calcium chloropalladiate," CaClaPdCLt — these 
being mostly stable in water, and mostly soluble in water and in alcohol. The potassium 
palladic chloride (red), as an exception, is slightly soluble in water and insoluble in alco- 
hol, but partially decomposed by both solvents. 

486. Palladious Chloride is precipitated by potassium hydrate or soditmi hydrate, 
as brown basic salt or as brown palladious hydrate, Pd(OH)a, soluble in excess of the hot 
reagents. Ammonium hydrate gives a flesh-red precipitate of palladio-diammonitm 
chloride^ NaHePdCla (compare 347). The flesh-red precipitate is soluble in excess of the 
ammonia, and from this solution reprecipitated by hydrochloric acid, with a yellow color. 
The fixed alkali carbonates precipitate the hydrate ; ammonium carbonate acts like the 
hydrate. — Hydrosulphuric aoid and sulphides precipitate the dark-brown palladious 
cyanide, PdS, insoluble in the ammonium sulphides, soluble in nitro-hydrochloric acid. 
— Potassium iodide precipitates palladious iodide, Pdls, black, visible in 500,000 parts 
of the solution, with the slight solubilities stated in 485, an important separation of iodine 
from bromine. In very dilute solutions, only a color is produced, or the precipitate 
separates after warming. At a red heat, the precipitate is decomposed. Potassium 
cyanide precipitates palladious cyanide, PdOya, white, soluble in excess of the reagent. 
— Chloride of potassium precipitates, from highly concentrated solutions, the golden- 
yellow, crystalline, potassium palladious chloride, (KCl)3PdCla (485). Phosphates give 
a brown precipitate. 

Palladious nitrate gives most of the above reactions; no precipitate with ammonia, 
and a less complete precipitate with iodides. 

487. Palladium is reduced, in dark-colored precipitate, from all compounds in solu- 
tion, by sulphurous acid, stannous chloride, phosphorus, and all the metals, which pre- 
cipitate silver (340). Ferrous sulphate reduces palladium from its nitrate, not from its 
chloride. Alcohol, at boiling heat, reduces it ; oxalic acid does not (distinction from gold). 



Molybdenum, 153 

— Nearlj aJl its compounds are reduced by heat, bolore the blow-pipe, to a "sponge." If 
this be held in the inner flame of an aloohol-Iamp, it absorbs carbon at a heat boluw red- 
ness ; if then remoTed from the flame, it glows vmdiy in the air, till the carbon ia all 
burnt away tdistinction from platinum). 



MOLYBDENUM. ^ 

4S8. A silver-white, bard and brittle metal, fusible at the highest furnace heat. It 
ia Bot oxidised in the air at ordinary temperatures; but when slowly heatt'd, it gains e. 
brownish-yellow, then a bine tarnish ; and at a higher heat, it burns to MoO|. It is 
osidiised by water vapor at a red heat. It is quicldy dUaoXved by nitilo aoid, as molyb- 
dio anhydride (MoOi), with evolution of nitric o^de; slowly by hut, stroi^g i!<ul|ihuric 
acid, with liberation of sulphurous anhydride. Molybdenum forma three olaaseB of oom- 
pounds, viz., molybdoas oxide, NLo"0\ cliloride, MoOlg, and ot.bei- niolybdous salts ; 
RM/^icft'e oxide, U[o""Oi; chloride, MoCI., and corresponding saits ; and molybdic 
fUihydride, Mov'Oi, which eombmes with bases, to form stable raolybdates — also feebly 
unites with strong acids. Each of these classes includes stable salts; the two bases are 
converted into molybdic acid or molybdates by strong oxidizing agents; while oiolybdates 
are reducible to one or the other of the bases by deoxidizing agents. 

489. The laolyMous salts are not generally very permanent iu Bolatioa. The chloride 
ia soluble (iu dilute hydruuhloric acid ?); the bromide and iodide dccouiposed in watur to 
oxy bromide and oxiodide; thesulptiHle ifnonm posed by wdter to a soluble and an insoluble 
salt; the nitrate soluble in water. The solutions are dark-brown and ifpaqiie. 

Water dusolTes molybdic chloride, brnniide (yellow-brown solution), iodide (red solu- 
tion), nitrate and sulphate (reddish -bi'own solutions). 

Molybdic (oAydnde ia very sparingly loluble in water (8CX) parts). It does not form 
ftn acid in the solid state. The normal molyidates of the alkali tuelals (as EiMoOi) are 
soluble, of the remaining metals insoluble in water. The molybdenum triBulphatfl, 
Mo(SOi)i> »Tid molybdenum hexi-chloiide MoCli, are soluble in water; the correspond- 
ing nitrate, iao(NOi)(, soluble in dilute nitric add. 

490. Molybdona salts, as Mo(NOt)g, with alkali hydratas and carbonates, prccipi' 
tate the dark-brown molybdous hydrate, becoming hlue in. the air by oxidation to molybdic 
molybdate. Mo(MoO,)g and MogOg, The hydrate is insoluble in alkalies, sparingly 
soluble in alkali carbonates, readily soluble in alkali hydrogen carbonates. Witli hydr^- 
ralphurio aoid and EulpMdes, a brown precipitate of ttiolybdoUB sulphide, MoB, lolubla 
In ammonium Hulphlde. 

491. Molybdia salts, as MoOl,, with alfeali bydiatei and BOlphidOB. give reactions 
corresponding with niolybdous salts, and likewise turn *Z«e in the air, by formation of 
intei'meJiate oxides. The precipitated hydrate is reddish-brown; it dis-olves In alkali 
carbonates by formation of alkali molybdates. Zinc ]}reQifiit&tas moli/bdoim hydrate, hj 
reduction. 

492. Molybdio Anhydride is a white powder, or is in needle- form crys- 
tals, turning yellow when hot and ngain white on cooling; melting at a red 
and vaporizing at a white hoat. It is soluble by acids, and by alkali-hyd rates, 
especially ammonia, in formation of molybdates. 

493. Water solutions of MOLYBDATES, with acii3s, precipitate molybdic 
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anhydride, MoO„ white, soluble in excess of the acids.* Hydrosulpliiiiic 
acid colors the molybdate in neutral or alkaline solutions, yellow to brown, 
without precipitation ; but from the acid solutions it precipitates the brown 
MoS„ sulphomolyhdic acid^ the supernatent liquid appearing blue. The pre- 
cipitate is soluble in ammoniimi sulphide, better when hot and not too con. 
centrated, as ammonium sulphomolybdate, (NH^),MoS^, from which acids 
reprecipitate MoS,. 

494. Tribasic phosphoric acid and its salts precipitate, from strong nitric 
acid solutions of ammonium molybdate, somewhat slowly and on warming, 
ammonium phosphomolybdate, yellow, of variable composition, soluble in 
ammonia and other alkalies, sparingly soluble in excess of the phosphate. 
Hydrochloric acid may be used instead of nitric. The sodium phosphomolyJh 
date is soluble in water, and precipitates ammonium from its salts ; also, it 
precipitates the alkaloids — for which reaction it has some importance as a 
reagent.f (Compare Ammonium, 62.) 

Arsenic acid and arseniates give the same reaction ; ammonium arsenom^h 
lybdate being formed. 

Recent molybdic anhydride, well washed (with alcohol and then water), on digestion 
with aqueous phosphoric acid, forms a lemon-yellow salt, insoluble in water, but slowly 
soluble in excess of the hot phosphoric acid, as acid permolybdic phosphate or phospho- 
molybdic acid. It is soluble in alcohol as well as in water; the solution giving, with am- 
monia and with alkaloids, the yellow precipitate of ammonium phosphomolybdate, etc. 

495. The alkaline solutions — normal molybdates of the alkali metals — ^give, with all 
non-alkali salts, precipitates of non-alkali molybdates, the latter being insoluble (or 
sparingly soluble) in water, as stated in 489. The following are some of the reactions 
giving precipitates: 

EaMo04 + BaOls = BaMo04 + 2E01 

EaMo04 + Pb(NO«)3 = PbMo04 (wulfenite) + 2ENOs 

E3M0O4 -f~ OaS04 = C11M0O4 (yellow-green) -)- KaS04 

496. Reducing agents convert molybdic acid either into the blue inter- 
mediate oxides (490), or, by further deoxidation, into the black molybdous 
oxide, MoO. In the (hydrochloric) acid solutions of molybdic acid, the blue 
or black oxide formed by reduction, will be held in solution with a blue or 



* In making the solution of molybdat« with nitric acid, need as a reagent, the slightly alkaline solution 
of the molybdate is poured into the nitric acid, f lowly, with stirring. 

t Sodium Phosphomolybdate— SonnenBchem''B reagent for acid solutions of alkaloids — is prepared as 
follows : The yellow precipitate formed on mixing acid solutions of ammonium molybdate and sodium 
phosphate— the ammonium phosphomolybdate— is well washed, suspended in water, and heated with so- 
dium carbonate until completely dissolved. The solution is evaporated to dryness, and the residue gently 
ignited till all ammonia is expelled, sodium being substituted for ammonium. If blackening occurs, from 
reduction of molybdenum, the residue is moistened with nitric acid, and heated again. It is then dissolved 
with water and nitric acid to strong acidnlation ; the solution being made ten parts to one part of residue. 
It must be kept from contact with vapor of ammonia, both daring the preparation and when preserved 
for use. 
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brown color. Nitric acidulation is, of course, incompatible with the reduction. 
Certain reducing agents act as follows : 

Ferrous salts (in the hydrochloric acid solution) give the blue oxide^ 
solution. Cane sugar, in the feebly acid boiling solution, forms the blue color 
— seen better after dilution ; a delicate test. Stannous chloride forms first 
the bluBy then the brown^ or the greenish-hvoYfn to black-brown, solution of 
both the intermediate oxide and the molybdous oxide. Zino gives the blue^ 
then green, then brown color, by progressive reduction. Formic and oxalic 
acids do not react. — Dry molybdates, heated on platinum foil with concentrated 
sulphuric acid to vaporization of the latter, form, on cooling in the air, a blue 
mass — a very delicate test.* 

497. With microcosmic salt, in the outer blow-pipe flame, all compounds of molyb- 
denum give a bead which is greenish while hot, and colorless on cooling; in the inner 
flame, a clear green bead. With borax, in the outer flame, a bead, yellow while hot, and 
colorless on cooling; in the inner flame, a brown bead, opaque if strongly saturated (mo- 
lybdous oxide). On charcoal, in the outer flame, molybdic anhydride is vaporized as a 
white incrustation ; in the inner flame (better with sodium carbonate), metallic molybde- 
num is obtained as a gray powder, separated from the mass by levigation. 



* A solation of 1 I^iUigram of sodium (or ammonium) molybdate in 1 c.c. of concentrated sulphuric 
acid (about 1 part to 1.840 parts) is in use as Fbcbhde*s Reagent for alkaloids. The molybdenum in this so- 
lution, which must be freshly prepared for use each time, is reduced by very many organic substances ; and 
with a large number of alkaloids, it gives distinctive colors, blue, red, brown, and yellow. 
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Be ACTIONS OF Certain Rare Metals. 



498. Reactions of Ruthenium, Iridium, Rhodium, and Osmium. 



In solution as 



H3S, inacidsoL 



(KH4)sSa, in ex- 
cess. 

KOH or NaOH, 
in excess. 

SnCls. 

Zn. 

KNOa. 



BUaClfl, 
orange. 

HuoSi, brown, form- 
eci slowly, with 
blae sol. 

Solation formed with 
difficulty. 

Bua(0H)8, black. 



Pre., blue to black. 

Pre., 80I. In excess, 
turned to dark-red 
by (NH4)3S. 

(1) 



(NaCl)«IrOl4i 
black. 

IraSs 4- S, brown. 



Solution. 



Brown-black pre., 
turning blue. 



(Na01)«IraCl«. 
Ir, black. 



Ir(0H)4 -f KNOa, 
boiled with SOa, 
green pre. 

(2) 



KaBh(SO.)„ 

rose-colored. 

BhaSa, brown, sol. 
iu hot nitric acid. 



Precipitate. 



Solution, pre. by alco- 
hol. 



Bh, black. 
Pre., orange. 

(3) 



CECl)«Osa01«, 

sparingly soluble. 

OsS. brown, form 
only by strong acid 



Precipitate. 
Os(OH)4, brown- 
Brown pre. 
Os. 
No change. 

(4) 



(1) Potassium sulphocyanate, in absence of other platinum metals, slowly forms a red coUfr^ 
turning to violet when boiled. 

(2) The metal is insoluble in all acids. After fusion with sodium hydrate and oxidizing agents, it dis- 
solves by nitro-hydrochloric acid. 

(8) The metal is insoluble in all acids ; but by fusion with potassium hydrogen sulphate, forms the solu- 
ble salt above taken. 

(4) The metal vaporizes at white heat, and bums to OSO4, &° acidulous anhydride, having an irritating 
and offensive odor, and forming instable osmafes of great oxidizing power. Osmates separate iodine from 
iodides, decolorize indigo solution, and, with sulphites, give a deep violet color or blue precipitate. 



499. Reactions of Tellurium, Selenium, and Tungsten. 



In solution as 
HaS in acid soL 

(NH4)aSa* excess. 
HOL 

SnOla. 



Fusion on Ch, 
withNaaCOs. 



KaTeOs. 

TeSa, 

brown. 

No pre. 

HaTeOa, 

white pre. 



Te, 



black. 



KaTe04. 



Boiled. HaTeOs, 
and 01. 



NaaSeOa. 
SeSa- 

No pre. 
No pre. 

Se, red. 



NaaSe04. 



Boiled, EL.Se- 
Oa, and CL 




NaaWO*. 

Blue solntioiiL, 
WaOs- 

No pre. 

HaW04, 

white 
then ye 



white pre., 
now. 



Yellow pre., 
heated witn 
HCl, blue. 

W, black. 



(5) 



(1) The tellurites of the alkali and alkaline earthy metals are soluble in water, the other tellurites 
insoluble. 

(2) The teHurates of the alkali metals, alone, are soluble in water. 

(8) Except those of the alkali metals, the selenitea are insoluble in water. 

(4) Lead, barium, strontium, and calcium selmates are insoluble in water ; other selenates, solable. 
Barium eelenate, insoluble in HOI. 

(5) Of the ttmgstitteSf only those of the alkali bases dissolve in water. 




PART II. 

THE NON-METAIiS AKD THE ACIDS. 



600. The three elements, ohlorine, bromine, onJ iodine, resemble each other in almost 
&11 their properties, reactionH, and no mbi nations, diSering (ss lio their atomic weighls, W>, 
80, 137) *ilh a regular progressive variation; so that their eompoimda present themselves 
to us as members of progressive series. In several particulars fluorine (atomiu weight, 10) 
oorresponils lo the first member of this series. 

801, CHIiOBXNB is a greenish-yellow, suffocating gas, dissolved spar- 
ingly by cold Wtttei', very slightly by hot water. The solution bleaches litmus ; 
but on slaiiiiliig, the ca is converted into HCl {«), when it reddens litmus, and 
is no longer fit for use as a reagent. Chlorine is dissolved freely by ftlkali 
hydrates, with combination (5), the solution having especial oxidizing Corce 
(52ti). In distinction from hydrochloric acid, it bleaches moist litmus, and 
indigo solution ; precipitates sulphur from hydrosulphuric acid, and ir.dine 
from solutions of iodides — slight traces of it being revealed by the blue color 
with solution of potasaiiun iodide and starch — and acts in presence of water 
as ffl very powerful oxidizing ngent (a). It displaces bromine, as well as 
iodine. It dissolves gold-leaf, and mercuric sulphide (distinctions fi'OJii nitric 
acid). Like hydrochloric acid, it precipitates solntion of silver nitrate (c), 
and plumbic and mercurous salts ; and forma, with vapor of ammonia, a white 
cloud of ITHjCl. With ammonium salts, chlorine is liable to cause explosion, 
nitrogen chloride beirg formed (63). For the Oxidations caused by chlorine, 
see 830. 

H,0 = O + SHOl 

- 6KOH = 5KC1 + KOlO, -f 3H,0 
Or: 201 -|- SEOH = KCl + KCIO -f H,0 

- OAgNO, -I- 3H,0 - 5AgCl + AgOlO, + GHNO, 
»02. The most important Acids containing Chlorine are -. 
' Hydrochloric acid, HCl'. 

Chloric acid, HCl"©,. 
Perchloric acid, HC1'"'0,, 
Hypoohlorous acid, HCl'O. 



I 




Hydrociu,osw Acid. 



HTDROCHLOBIC ACTD. 



^ 



. Absolute hydrochloric acid ia a colorless, caustic, suflbcating gaj, 
It disGOlvei in about two parts by weight of water ; so that its strongest per- 
manent solution contains about 33 per cent, of acid (HCl) ; but this solution 
rapidly evolves acid in the air, more rapidly on warming, less rapidly as the 
sulution loses strength. When of 20 per cent, acid, the liquid boils at 112° C. 
(233° F,), vaporizing with the water of its solution, 

B04. Gaseous hydrochloric acid escapes with slow effervBicence when 
liberated from compounds in concentrated solution; reddens litmuB ; with 
vapor of ammonia, gives a white cloud (NH.Cl as a solid), somewhat more 
dense than the fumes caused by the other volatile acids; and, like aqueous 
hydrochloric acid (508), precipitates chlorides from salts of the firat group 
metals, when brought in contact with their solutions — a drop adhering to a 
glass rod being hold in the gas. 

505. Hydroohloric acid ia formed from metallic chlorides by transposition 
with sulphuric aoid; except that mercury, silver, lead, and tin chlorides are 
transposed with difficulty, or not at all, by sulphuric acid : 

2Na01 + H,80< = Ha,50, + 2H01 

608. The normal Chlorides are all soluble in water, except those of the 
metals of the first group; silver, AgCl; mercurous, Hg,Cl, j and lead, 
PbCl, — the last named being sparingly soluble. In analysiB, the silver pre- 
cipitate is most used (509). If bromides are present (535), the chloroehromio 
test is most eoncJusive (512). Separation from iodides, 577. 

A large number of the metallic chlorides are soluble in alcohol, and several 
are soluble in ether. 

507. The chlorides of metals are, generally, more volatile than other com- 
pounds of the sample metals ; example, ferric ohloride. 

508. Solutions of chlorides and hydrochloric acid are precipitated, by 
solutions of silver salts, as silver chloride, AgOl, white (332) ; by solutions 
of merouTouB salts, as mercurous chloride, Hg,Cl,, white (350) ; and by 
solutions ol' lead salts, when not very dilute, as had chloride, PbCl,, white 
(313). Silver nitrate solution is the most complete and coEvenient precipi. 
tant for chlorides. 

509. The properties of the precipitate of Slower cA?on(?e are given in 332, 
and in 328. It is of analytical interest, that it is freely soluble in ammonium 
hydrate (considerably more freely than the bromide, and far more freely than 
the iodide of silver); soluble in hot, concentrated solution of ammomum 
oarbonate (which dissolves traces of bromide, and no iodide of silvpr) ; in- 
soluble in nitric acid, or but temporarily soluble in strong nitric (as in hi'dro- 
chloric) acid, and precipitating again on dilution. It should be observed, that 



^Ht 13 appreciably soluble in solutions oF chlorides, and in amtiiouium nitrate ; 
■hence, in reprecipitaCing traces of it, by nitric acid, from the ammonia solution,! 
W if there ia excess oramnionliira hydrate, this should first be e.xpelled : I 

SAgOl + 3NH,OH = (NHj)s(AgCl), -f 3H,0 1 

(NH.),(AgCl), + SHNO, = 3AgOI + aNH.NO. 

510. Oxidizing agents (with heat) decompose hydrochloric acid, or 
metallic chhridex with an acid ; chluriue being Ubcraled. bj oxidation of the 
hydrogen ufthehydroehloiluacld or of the metal of the chloride, hi this way, 
manganese dioxide (^H), lend dioxide (303), chromic anhydride (513), nitric 
acid (513), and chlorates (522), produce chlorine from chlorides, i'or other 
reactions of Oxidizing Agents, see 821. 

611. The action of wanganese dioxide is formulated as follows: 
4H01 + MnO, = MnCl, + 2HiO + 201 
Or;2NaCl + 2H,30, + MnO, = Na,SOi + MnSO, + HH.O + 30I 

This reaction is applied in the manufacture of chlorine, which is distlUed 
from the mixture, and can be used in analysis for evidence of chlorides, 

A test for traces of free hydrochloric avid,in distinction from metallic 
chlorides, is made by healing the solution with MnO„ without adding an ncid, 
and distilling into a solution of potassium iodide and starch. Larger propor- 
tions of HCl are more frequently separated by distilling it intact. 

512. The reaction with chromic anhydride is in use as & test for hydro- 
chloric acid, more especially in presence of bromides : 

(chloroohromic anhydride) -\- HiO 

+ H,SO. + 3H,0 

To obtain a rapid production of tha gas, so that it may be reciignizeil by its color, the 
operalion may be made ns follows : Boil a misture of solid potaisium diohromate and 
Bolphurio Boid, in an evaporating dish until blight red, and then add the substance to be 
tested, iu powder — obtained, if nacessarv, by evaporation of the solution. If chlorides are 
present, the chromium dioxy-diehloride rises instantly as a bright brownish-red gas. The 
diiKncdon/'WsirflmJiw rcc[uires, however, that the material, whicH maybe in solution, 
should be distilled, by means of a tubulated flask or small retort, the vapors being eon- 
denaed in a receiver, and neutralized with an alkali (c and d), Tho ehroniate (orraed 
makes a yellow solution (bromine, a colorless solution). As conclusive evidence of chlo- 
rine, the chromate (acidified with acetic acid), with lead acetate, forms a yellow precipi- 
tate (bromide, a white precipitate, if any); 



2H01 


+ 


C3rO, = CrO,01 


4Na01 


+ 


H5Cr,0, -(- 3H,B0, 
aCrO..CI, + 3Na,BO, 



1 e. OrOiClj 


+ 3H,0 = HiOrO, + 


3H01 


1 d. OrO^Oli 


+ e(NH,)OH = (NH,).CrO. + 


SHCl 


513. The actio 
mixture of the iw 


n of 7ii/ric acid with hydrochloric acid r 
o acids, well known as nitro-hydrochlorlo 


esults 
add, 




■~r 
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uaed for its free chlorine. Both nitrogen oxy-chloi 
03ty-di chloride are formed; their relative proportion varyin, 
oondilioiis : 

( NOOl, + Ol 1 

i I + ' 

for NOOl -1- 2a i 

I The reaction occurs quite promptly in the concentrated ac 
but more rapidly with heat; very alowlj in moderately dilute 
to a slight extent if the acids are very dilute. 



+ 



HNO, = 



de and nitrng. 
with diffurent 



ds without heat, 
I acids, and oalj 



4Ag 



4NaCI 



614. By action of permanganate, acidulated with siiiphurio acid in warm solution, 
hydrochloric acid introduced as gas ia osidized to kypocMoroua acid. Manganese dioiids 
and sulphuric acid may be used, inat^ad of permanganate, with the same product. In 
dilute neutral Eolution, no immediate change occurB between permanganate and chlorides. 

516. The fhrte ehioridu imolvhle in water (506) are not transposed or disaolvedbj 
acdda, except that mercurous chloride is dissolved, by nitric acid and hy chlorine, as dgt- 
coric salt. They are diesolTed for analysis by decomposition with alkali hydrates (677). 
AgOl or FbOlg is dissolved as sodium chloride, a^ter fusion with sodium carbouale on 

r ~^' 

I 



PbOl, 



3Nb,OOi 
Na,CO. 



PhO 4- 



1 + 



516. Heated in a bead of niicrooosmic salt, previously saturated with copper oxide in 
1 inner blow-pipe flame, chlorides impart a blue color to the outer flame, due to copper 
fOhloride. 

i:i'or Separation of chlorides from bromides and iodides, see 576 and 577: 
;eparatdoft from chlorates with nitrates, see 581. 



CHLORIC ACID. 



617. When concentrated, a colorless, syrupy liquid, having a slight odor, resembling 
nitric aeid. It first reddens litmus, and then bleaches it. Chloric acid is somewhat in- 
stable at ordinary temperatures; when heated, it rapidly decomposes with formation of 
yellow products, including perchloric aeid (HOlOi), chlorine and water. It oxidizes or- 
ganic and other combustible substances with violent rapidity. For a list of its products 
as an oxidizing agent, see 633. 

618. ChlorateB are produced — together with chlorides — ^by action of 
chlorine upon bases, according to equation 6, 501. 

All chlorates are resolved by heat into chlorides and oxygen (HCl -\- 3o). 

In presence of various metallic oxides, etc., the oxygen is separated more 

easily, the metallio oxides remaining unchanged. With manganese dioxide, 

the oxygen of potassium chlorate is obtained at about 200° C. ; ferric oxide, at 

f 130° C. ; platinum, black, at 270°, Copper oxide and lead dioxide may be 

fused. When triturated or heated with combustible Hubatanoes, charcoal, 
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■organic substances, sulphur, sulphites, cyanides, thiosulphatea, hypophosphites, 
■ reduced iron, etc., etc. — ckloralen violently explode, owing to their sudden 
1 Composition, and the simultaneous oxidation of the combustible maCanal. 
ihis exploaion is more violent than with corresponding mixtures of nitrates (as 
'a gunpowder, 602). — Potassium chlorate, fused with PbO, forma PbO, ; with 
I alkali and MnO or MnO,, manganate is formed. 

619, All the chlorates are soluble in water ; those of the first group bases 
"eing somewhat unstable in solution. Like nitric and acetic acids, chloric 
acid is not precipitated. Except the mercurous, the least soluble of the me- 
tallic chlorates is that of potassium, which requires 12 to 16 parts ol'cold water 
for its solution. Potassium chlorate is only slightly soluble in alcohol. 
Chlorates are usually identified by the gaseous products of decomposition (520). 
520. Sulphuric acid causes dissociation of chlorates — if in the solid state, 
with detonatio7i, B-fiA unless in small quantities, with Tiolent explosion j and 
with formation of greenish-yellow gas, dichlorine tetroxide, Perchlorate is 
likewise formed. The gas has the odor, oxidizing and bleaching power of 
chlorine, and it imparts its color to solutions in which it is formed. The pro- 
ducts vary with conditions, but are chiefly formed as follows : 

3K010, + SHjSO. = 2KH80, -\- EClO. + C1=0. + H,0 

2CI5O, = or",o, -I- oi^iOs 

621. If a dilute solation of a chlorate is colored light blue with the solution of indigo 
in Bulphurio acid, and the solution kept cold, no bleaching occurs, oven with the further 
addition of dilute sulphuric acid. But, on addition of solution of sodium sulphite, the 
color soon disappears, by formation of chlorine or its oxides. 

522. Hjdrocblorio acid dccompoBcs chlorates, rapidly when heated, with the forma- 
tion of free cMorme and dichlorine tetroxide — tho mixture called miehlorine. The gas 
and solution have the color, odor, and bleaching eSect of chlorine, intensiSed. This is a 
ready and eHective meana of generating chlorine for analytical purposes. The propor- 
tion of free chlorine to oxidized chlorine is variable ; the subjoined equations showing the 
character of the results: 

aKOlO, -f- 4H01 - SKa + OliO. + 201 -i- 2HiO 

»3KOIO, + lOHCl ^ 3KC1 + 01,0. 4- 8C1 + SH^O J 

4KC10. + 16H01 = 4KC1 + C1,0, + 14C1 4 8H,0 ^ 

I'or separation of chlorates from nitrates, see 680 ; from nitrates with 
chlorides, see 581. 

623. PERCHLORIO ACID, HClOi, is a colorless liquid, distilling with partial 
decomposition, forming a crystallizable hydrate, and decomposing by reducing agents 
with explosion. It is obtained by distillation of percblorates with sulphuric acid. Hy- 
drochloric and nitric aoids do not decompose perohloratcs in water solution. All the 
metallic percblorates are soluble in water; potaBHlmn perchlorate requiring 58 parts 
(rubidium perchlorate, 93 parts) of water at 21° C. ; the other metals forming salts more 
freely soluble. The potassium salt is insoluble in alcohol. In ignition, perchlorates act 
veiT' much like oblorateE^ but more explo^vely. 
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HYPOCHLOBOUS ACID. 

624. Hypochloroua anhydride, OI,0, can bo obtuintd at -20° C. (-4" P ), by the reM- 
tion, HgO -|- 4C1 = 01,0 -|- HgOIi, as an omngc-colored, exploiiiTe liquid, gaaeooi 
ordinary temperatures, and decomposing, spontaneously and sometimes violently, i[ 
chlorine and oxygen. It dissolves in water, forming hypoohlorous acid, HOIO. 

HypoehlorouB acid, in aqueous solution, is a yollow liquid; when strong, deeompoaiug 
Tftpidly At 0' C. {32' F,): when dilute, decomposing gradually by boiling {a)\ decomposed 
by hydrochloric acid (6), and by metals (o)— ila decompositions furnish ing chlorine M 
oiygen, or both chlorine and oiygen. 



2HC10 
HCIO 



3HOIO 
2HC10 



H,0 
HCl 



SAg 



+ 



+ 



ZnCl, 



+ 



= 3Ag01 



IE>2S. The Hypochlorites are formed by treating bases with chlorine (short of satnra- 
a), as shown in b, SOI, The calcium hypochlorite and chloride, mixed or combined 
pther as formed by action of chlorine upon calcium hydrate, is in very extensive use— 
ohlorinated lime, or '• chloride of lime " [OaOl, + Ob(CIO)„ or aaa(001)01]. The 
Buiiium hypoohlorito-and-cliloricle— mixed as formed by chlorine in solution of sodium 
hydrate or aodium carbonate, or by double decomposition between solution of the calcium 
hypuchlorite-and-chloride and solution of sodium carbonate — is pharmaeoxKeial, under lie 
name of solution of chlorinated soda (NaOLNaOlO). The chemical structure of these 
important chlorinated compounds has been difBoult to ascertain. 

626. Hypochlorites are very instable, whether solid or in aolution, decom- 
poaiug by the weakest acids, hy the carbonic acid of the air {a), and by heat 
(5), also to some extent at ordinary temperatures. In this manner, they act as 
powerful oxidizing agmfs. The deportment of hypochlorites is represented 
by the action of chlorine in alkali solniions (501 h) ; a convenient a 
especial force, as for the decomposition of ammonia (63 b). 



A. Oa(OlO), + ao, = OaOO. 


+ 


301 


+ 


O 




B. 0a01„0a(010), + SCOi 


= 


SOaOO, 


+ 


401 




c. Ca(CIO),.CaCl, + 2H,SO, 


= 


aoaso. 


+ 


2H,0 


+ 


D. SNaOlO + 2HOI - 2NaOI 


+ 


H^O 


+ 


201 


+ 


In boiliug solutions: SCa(OlO), 


= 


OaiOlO,) 


-t- 


2CaCl, 




At a higher temperature: 




Ca(CIOa) 


- 


OaOl, 


+ 



;ent.^^^ 

1 



627. All hypochlorites are solable in water ; those of the first group metala 
being especially instable. Their solutions bleach litmus and indigo. 

S2B. Silver nitrate, added to the solutions of hypnehlorites with chlor- 
ides, precipitates the chloride, AgCl, at first leaving hypochlorites in solution; 
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; the soluble silrer hypocjilorito quite rapidly decomposes with the pre- 
I oipitatioE of chloride and formation of chioiale of silver («), the latter slowly 
changing to chloride (5IS) : 

SAgOlO = 2Ag01 + AgOlO, (correapondiog to 6, 526) 



B29. BBOISTNE, ut ordinary temperatures, is a brown. red, intensely 
caustic liquid, freely evolving brown-red, corrosive vapors of a suffocating, 
chlorine-like odor, and boiling at 47'* C. (117° F.) It is Bolnble in 33 parts of 
water, with an orange-yellow color ; and freely soluble in alcohol, ether, chlo- 
roform, and in carbon disiUphide — with the same or a deeper color. Carbon 
disulphide, and chluruforin, utlei' agitation \tith itB dilute water solutions, re- 
move the bromine as a subsiding liquid in a yellow to red-brown layer; ether, 
less perfe:;lly, in a supernatant layer of the same color. It dissolves colorless 
in Hilliftli Ixydrates, with combination, forming bromides and bn.matea. The 
change corresponds exactly to that of chlorine, as shown in equation h, 501. 
It dissolves, without uombination or loss of color, m solutions of hydrobromic 
acid, and of bromides, 

G30. In vapor or solution, bromine bleaches Utmue and indigo; colors 
starah-paste yellow ; precipitates silver salts, yellow-white, bromide and 
bromate {as by equation c, 501) ; and lead salts, while. Bromine decomposes 
hydrosulphuric acid with separation of sulphur, and subsequent production of 
sulphuric acid ; changes ferrous to ferric salts, and (in presence of water) acta 
as a strong oxidizing agent. It displaces iodine from iodides, and is displaced 
from bromides by chlorine; its character being intermediate between that of 
chlorine and that of iodine (820 i). For Oxidations by bromi 



581. The Acids 



k 



Bromine are : 
Hydrobromic acid, HBr'. 
Bromtc acid, HBr^Oj. 
Hypobromous acid, HBr'O. 

HYDROBROMIC ACID. 



:e8a4. ^m 



632, Absolute hydrobromic acid is gaseons at ordinary temperatures, but dissolves 
freely in water. The strong solution gives off gas in the air more rapidly than aciueoua 
hydrochloric and, and boils below 100" C; the dilute solution boils above 100 C, and if 
Tery dOute is concentrated bv boiling^. In gaseous state or in solution, hydrobromic acid 
je eolorhae ; but it i^ slowly decomposed by atmoBpheric air [SHBr -|- O = HoO + SBr] 
wiih the presentation of the color of free bromine ; the solution deepening in yellow-brown 
tint, as bromine is displaced by oxyften, and dissolved by the hydrobromio acid. 

Neither hydrobromic jiuid nor a metallic bromide will give the yellow color to atarcli 




HTDRosaoMic Acid. 



1. Hydrpbromie acid is produeed from the msialtic bromidea, by transpositio 
eiulphnric acid: 



H,SO« = K,SO, 



: Iraneposed by Buiphur 



But the bromides of mercui7, silver, lead, and tin 
with diflioulty, or not at all (compare chlorides, B05). 

634, Tho Bromidea (including hydrogen bromide) are decomposed by oxl 
•gents, with WwadWio/SroiBine. Thus: by chloriii#(820 i) (not by iodine); bybromie 
-^Uiid (a); by nitzio aoid(814^); by strong and hut sulpbnilo add (S19i); and, i 
HDlntion, acidulated, by manganese dioxide (A). Further, sec 636. 



b. 



+ aH,BO. + 



MaO, 



SK,SO, + 3H,0 + 6Br 
K,SOt + IiInSO,+ 3H,0 4- 2 



035. Tho solubilities of the bromides lin intermediate between those of 
tKe chlorides and those of tho iodides, nut difl'ering much from the former. In 
general terms, all bromides are soluble in water, except those of the first 
group bases. Further, mercuric bromide is only sparingly soluble in wat«r. 
Lead bromide is leas soluble than lead chloride. Bismuth bromide ia decom- 
posed by water, to a greater extent than bismuth chloride (295), and utti- 
monious bromide is decomposed by water. Cuprous bromide is formed M ft 
precipitate by reduction from the soluble cuprio bromide. 

The double bromides of lead and potassium or sodium, and of silver and 
potassium or sodium, are soluble in a tittle water containing alkali bromidea 
as coQcentrated solutions, but are decomposed by much water ; the potassio 
and the sodio mercurous and mercuric bromides are soluble in water. 

In alcohol, the alkali bromides are sparingly or slightly soluble; calcium 
bromide, soluble ; mercuric bromide, soluble ; mercurous bromide, insoluble. 

Silver bromide is sparingly soluble in ammonium hydrate; nearly insolu- 
ble in ammonium carbonate solution. 

In analysla, bromides are usually identi6ed by the color nf a carbon-disul- 
phide solution of free bromine, iodine, if present, being first removed (639, 
576). 

636. Bilver nitrate solution precipitates, from solutions of bromidea, sil- 
ver bromide, AgBr, yellowish-white in the light, slowly becoming gray to 
blaok. The precipitate is insoluble in dilute nitric acid, sparingly soluble in 
concentrated aqueous ammonia, nearly insoluble in concentrated solution of 
ammonium carbonate, slightly soluble in excess of alkali bromides, soluble in 
solutions of alkali cyanides and thinsulp hates. It is decomposed by chlorine. 

837. Solution of mereurouB nitrate precipitates mercurous bromide, 
HgjBr,, yellowish- white, soluble in excess of alkali bromides. 

638. Solutions of lead salts precipitate, from solutions not very dilute, 
lead bromide, PbBr„ white (314 and 535). 

638. Sulplmrio acid decomposes bromides: when dilute, mostly with 
Jfroduction of hydi-obroniic acid (533); when concentrated, chiefly with forma- 
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lion of bromine. The vnpoi' from the hot mixture reddens or bleacbea litmus ; 
has the yellowish-browti color and suflbcating odor of bromine, and when 
cooled culoi s starch-paste j'ellow. 

Chlorine Water separates the bromine much more quickly and com- 
pletely, giving belter results in dilute Bolutions, but in excess it decolors the 
bromized starch. 

The more delicate test is made by adding carbon disulphide,* then dilute 
chlorine water, drop by di-op, in the cold solution, llien ugilating, and allowing 
the heavier liquid to subside (529). The presence of bromine is indicated by 
a yellow color, or if there is much bromine a jellowish-bro\wi to browniah.red 
color. Iodine colors violet. If free iodine is present, bromine cannot bo 
identified, by its vapor, its color with starch, or its color in solution with car- 
bon disulphide. All the iodine of iodides will be liberated before any of the 
bromine can be: therefore, before these tests can be made for bromine, the 
iodine must either be oxidized to iodic acid, or wholly espelled, as directed in 
570. 

Dilate hydrochloric acid will not color dilute solutions of bromides, or 
yield much color to disulphide of carbon; in absence of oxidizing agents, 

640. For Separation of bromides from iodides and chlorides, see 576 ; 
froni bruniates, 54G and thereafter. 

G41. Bromides of potassinm, sodium, and of most other metak, are not decomposed 
by ignition. Silver bromide melts undecomposed ; but is slowly reduced, aud blackened, 
in the air aud by light. 

Tested in the cupric bead, accord iiig ta 510, bromides give a greenish-blue color to 
outer flame — cot very marked. 
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BHOMIC ACID. 

642. In concentrated aqueous Eoluliun, a colorless, acrid, and instable liquid. At 
100" C, it is decomposed into hydrobroraic acid and oijgon. 

It is rapidly decomposed by all rednclng' agents, as given in detail in 836. 

543. Bromates are produced together with bromides by the action of bromine upon 
bases ; the reaction being expressed by equation 6, 501, substituting Br for CI. 

644. By ignition, bromates are roduced to bromides (in case of E, Na, Ag, Hg), like 
chlorates in the same condition. Other bromates change to oiides, as follows ; 

Zn(BrO,), - ZnO + ."iO + SBr 

645. By reducing agents, bromates are mostly decomposed in the same manner as 
bromie. acid (543). Mixod with sulphur, carbon, and other combustible substances, they 
furnish osygcii and cuuse explosion, like the chlorates (518). 



line PT iodirs, tli«n chloroform, and far bellet 
icids. Sslunllid chlorine water is liabio Wait 
romlnE. On adding alcohol to UllB relJow liquid 
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646. All the bromates are soluble in water; those of the first group bases, but spar- 
ingly soluble. Silver nitrate precipitates, in solutions not very dilute, silver bromaie, 
AgBrOs, white, very sparingly soluble in water, soluble in ammonium hydiate, not easily 
soluble by nitric acid ; its color and solubility in ammonium hydrate differing a little 
from the bromide (536). It is decomposed by hydrochloric acid with evolution of bromine 
— a distinction from bromides and from other argentic precipitates. 

547. Sulphuric, hydrochloric, and nitric acids, liberate bromic acid from metallic 
bromates. With very dilate sulphuric aoid, in cold dilute solution of pure bromate, 
very little bromine is set free — the HBrOa mostly remaining for some time intact, and 
the solution colorless ; so that carbon disulphide will not extract much color. The gra- 
dual decomposition of the HBrOs is first a resolution into HBr and O ; and as fast as 
HBr is formed, it acts with HBrOa, so as to liberate the bromine of both acids. Now, 
if the solution contained bromide as well as bromate, an abundance of free bromine is ob- 
tained immediately upon the addition of dilute sulphuric acid in the cold (equation a, 534). 

648. Hence, if dilute sulphuric acid in the dilute cold solution does not color the car- 
bon disulphide, and if the addition of solution of pure potassium bromide immediately 
develops the yellow color, while it is found that no other oxidizing agent is present, we 
have corroborative evidence of the presence of a bromate. And, if we treat a solution 
known to contain bromide with dilute sulphuric acid and carbon disulphide, and obtain 
no color, we have conclusive evidence of the absence of bromates. 

649. A mixture of bromate and iodafe, treated with hydroohlorio acid, furnishes 
bromine without iodine, coloring carbon disulphide yellow. 

650. The ignited residue of bromates (544), in all cases if the ignition be done with 
sodium carbonate, will give the tests for bromides. 



551. IODINE is solid; in soft scales or hexagonal prisms, with a dark 
iron-gray color and graphitoidal lustre. It is precipitated as a brownish-black 
powder. It vaporizes very slightly at ordinary temperatures — with a charac- 
teristic odor, resembling chlorine, but more offensive. It melts at 107° C. 
(224*^ F.), and boils at 180° C. (356° F.) ; the vapor having an intense, bright 
violet color. 

552. It is slightly soluble in water, dissolving in 7,000 parts; freely soluble 
in alcohol, ether, chloroform, carbon disulphide, petroleum naphtha, glycerine, 
and in solutions of iodides (including HI). All solutions of uncombined iodine 
have red-brown, brownish-yellow, or violet tints. The carho7i disulphide 
solution is violet (marked distinction from bromine), the other solutions 
brownish-yellow (but little darker than those of bromine). Solutions by 
chemical combination are referred to in 554. 

553. Starch-paste is colored blue by a little iodine, violet by a further 
addition of iodine; and by still greater excess a blue green (or, in presence of 
bromine, a brown) color is produced. This test is exceedingly delicate for 
iodine.* 

* TTie union of iodine and starch is T^Tobahly an example of molecular adhesion rather than of union 
within molecules. When dry starch is saturated with ether solution of iodine, and exposed for some time 
to the heat the water-bath, about 4 per cent, of iodine is retained. This corresponds nearly with the 
formula (C6B[io08)aoI. Prepared under other conditions, it holds 7 to 8 per cent, of iodine (CcHio06)ioI< 



Htdriodic Acid. 167 

The iodized starch is discolored by heating in solution,- to 70® or 80® C. 
(158® to 176® F.),but regains its color on cooling. Its color is destroyed by 
strong chlorine, and by alkalies. 

No compound of iodine colors starch. 

554. Though expelled from combination with bases by chlorine, bromine, nascent 
oxygen, and other strong electro-negatives (557), iodine acts in many relations as an oxid- 
izing agenty readily entering into combination, as iodides, when acted on by reducing 
agents. On the other hand, in relation to a limited number of active electro-negatiyes, it 
may act as a reducing agents becoming the subject of oxidation, in the formation of 
iodates (557). Iodine chlorides also are formed, ICla, ICls, and lOl, of yellow to brown 
colors. 

Iodine slowly bleaches litmus and other vegetable colors, and stains the skin yeUow- 
brown. 

Colorless solutions are formed by all the alkali hydrates with iodine ; the fixed alkali 
hydrate forming iodides and iodates (a). With ammonia in water solution, it dissolves 
more slowly, becoming colorless ; the solution contains the most of the iodine as ammo- 
nium iodide, and liable to deposit a dark-brown powder, termed ^'iodide of nitrogenf*^ 
very easily and violently explosive when dry. This substance is a variable substitution 
of one, two, or three atoms of I for H in NHa (63 c). Among reducing agents, solutions 
of thiosulphates quickly dissolve and decolor iodine, forming iodides and a more highly 
oxidized acid of sulphur, tetratliionic acid (&). Solutions of sulphites and of sulphurous 
acid convert iodine into colorless hydriodic acid (c). — Arsenious acid is oxidized to arsenic 
acid by action of iodine, which becomes colorless as hydriodic acid {d), Hydrosulphuric 
acid dissolves iodine as hydriodic acid, the solution of which is so prepared (e). The al- 
kali hydrates, and reducing agents, decolor iodized starch, by taking its free iodine into 
combination. Further, see 827. 

a. 61 + 6EOH = 5KI + KIOs + SH^O (cori-esponding mth 501 b), 

h. I + NaaSaOa = Nal + NaSaOs (compare c). 

c. 21 + HaO + NaaSOa = 2HI + Na^SO* 

d. 21 + HaO + HsAsOs = 2HI + HsAsO* 

e. 21 + HaS = 2HI + S 

The chief Acids of Iodine are : 

Hydriodic acid, HI'. 

Iodic acid, HI^03((>p H,I,0J. 

Periodic acid, HF"0^. 

HYDRIODIC ACID. 

555. Absolute hydriodic acid is gaseous at ordinary temperatures, but 
freely soluble in water ; being easily obtained in solution containing 50 to 60 
per cent, of acid, and having a boiling point above that of water, but giving off 
some vapor at common temperatures. Both the gas and the solution are color- 
less, and redden litmus. Hydriodic acid decomposes gradually in the air with 
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Reparation of iodine — more rapidly at higher temperatures ; so that the evolved 
s always strongly colored with iodine, and the exposed solution commenoes 
at once to turn browniah-yeJIow with the free iodine dissolved by the aoii 
The liberated gas has a alight chlorine-like odor, and a stronger offensive odor 
(due to both the iodine and hydriodic acid). Upon brief exposure, both tha 
gas and the solution give abundantly the reactions of free iodine (with stardi, 
carbon disulphide, etc.) 

666. Like hydrochloric and hydrobromic acids, hydriodic add is produced 

by transposition from the metallic iodidos, by the nction of dilute sulphurio 

add (see 533). Also, by large excess of hydrochloric and hydrobromio 

j.acids. The iodides of silver, lead, mercury, itnd tin, are transposed wilb 

fficulty by sulphuric acid, more readily by hydrochloric ncid. 

657. The iodides (including hydrogen iodide) are decomposed by oxidi&- 

Lta more readily than the bromides. At first, by oxidation of the 

we, iodine is set free; after which some of tlie more active electro-negatives 

sidize iodine to iodates. 

Ozone promptly decomposes all iodides, not excepting those of the alkali metals; 
tehile atmospherio oxygon decomposes hydriodic add and iron and caleinm iodides but 
~ rwly, and alkali iodides not at all. Zoiji'ne is liberated fromiodidesat onet by chloiins, 
I Immdna (o), iodio acid (6), and bromic acid. Iodine is flrst set free and then oxidized to 
iodic acid, by acidulated ohlorate, by hypochlorltea (with occurrence of iodine chlo- 
rides and final formation of periodates), and by concentrated nitrio add with heat (e); 
dilute nitric acid slowly separating iodine (if), and scarcely decomposing lead, silver, and 
mercury iodides. Acidulated potaaiinni nitrite acta more promptly than nitric acid. 
Manganese dioxide with anlphuric acid is employed in the nianufaoturo of iodine (e). 
PemianganatB solution, added in excess, produces iodates, iodine being first separated and 
at lost all oxidized; in neutral or alltaline dilute solutions (1 part salt to 340 parts water), 
I ■% distinction, from bromides, wliich do not decolor the permanganate. Ohromates, acid- 
lated, cause immediate separation of iodine. Oonoentratod aulphurio aoid (/}and 
a chloride {g) are reduced by iodides. Further, see 838. 



a. HI + Br = HBr + I 

b. mi + mo, + 3H,SO, = 3K,SO. + 3H,0 + 01 
B. KI + 3HNO, = KIO, + SMO + H^O 

d. SKI + 4HNO, = 3KNO, + NO + 3H,0 + 81 

e. 2KI -f 3H,SO, + MnO, = KiSO. + MnSO. -\- 3H,0 + STj 
/. SHI 4- HjSO, = 3H,0 -]- SO, +21 
g. 2KI + FaiCl, = SFeCl, -|- 2KC1 + 31 

558. The metallic iodides are all soluble in water; except those of Ag, 
b, and Hg, except palladious iodide, cuprous iodide, bismuth iodide deooni. 
3sed by water, and stannous iodide spurlngly soluble in water. Lead iodide 
sparingly soluble, and mercuric iodide very sparingly soluble ia water. 
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The double iodides of lead, silver, and mercury wiili ulkali metals — as 
El.AgI, and (KI),HeI, — are soluble in water ; i.e., the iodides of first group 
metals are soluble in sulutious of alkali iodides, by eombiiiHtluu ; mercurous 
iodide in part only, aa expluiued in 352, 

Alcohol dissolves many of the iodides soluble in water — including the 
alkali iodides, and those of barium and calcium — and dissolves mercuric, but 
not mercurous or argentic, iodide. 

Silver iodide is but very sparingly soluble in coucontrated solution of 
ammonium hydrate, and insoluble in hot solution of ammonium acid car- 
bonate (distinctions from the cbloi'ide). It dissolves in solution of potassium 

The iodides of silver and of lead are soluble by decomposition in solution 
of alkali thiosulphates (a) ; lead iodide in fixed alkalies (309). The iodides of 
silver and mercury are not decomposed, the iodide of lead slowly decompose* 
by dilute nitric acid. 



Agl + Na,SaO, =: Nal + NaAgSjO, 



In analysis, iodides are most easily identified by the color of the carbon 
disulphidc solution of liberated iodine (565). The silver precipitate of iodide 
is separable from chloride by solution of the latter in ammonium hydrate 
(577). 

559. Silver nitrate solution in excess precipitates, from solutions of 
iodides, silver iodide, Agl, yellow-white, blackening in the light (without 
notable separation of iodine). For the solubilities of the precipitate, see 558, 
and compare 333. I'or its separation from chloride and bromide, see further, 
577. 

680. Solution of mercuric chloride precipitates the bright, yellowish-red to 
red, mercuric iodide, Hgl^. The precipitate redissolvea on stin-ing, after 
slight additions of the mercuric salt, until equivalent proportions are reached, 
when its color deepens. For the solubilities of the precipitate, seo 360. — 
Solution of mercurous nitrate precipitate^ mercurous iodide, Hg,I„ yellow to 
green (see 352). 

661. Solution of plumbic nitrate or acetate precipitates, from solutions 
of iodides not very dilute, had iodide, Ptl,, bright-yellow— soluble, as stated 
in full in 315. 

562. Falladious chloride, PdCl,, precipitates, from solutions of iodides, 
palladionx iodide, Pdl,, black, insoluble in water, alcohol, or dilute acids, and 
visible in 500,000 parts of solution. The reagent does noi precipitate bromine 
at all in moderately dilute solutions, slightly acidulated with HCl, Palladious 
iodide is slightly soluble in excess of the alkali iodides, and is soluble in am- 
monium hydrate (486). 

BBS. Copper Bulphate, with sulphurous acid or other reducing agent, 
precipitates from soluliuus of iodides, the cuprovs iodide, CuJ,, "hich is 
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white, if there is sufficient reducing agent to prevent the precipitation of 
iodine, brown. The precipitate is not altogether insoluble in water ; ther^ore 
the filtrate responds to the delicate tests for iodine (equation in 279 }), 
Bromine is not precipitated with copper. 

664. Concentrated siilpliiLric acid decomposes iodides, solid or in con- 
centrated solution, with the reaction stated at 557 y. The evolved gas has the 
violet color of iodine, and the offensive odor of mingled iodine and hydriodic 
and sulphurous acids. When cooled and somewhat diluted, the Kg^m^? gives 
the iodine color with starch (553) ; or, on agitating gently with carbon disul- 
phide, and permitting the latter to subside, the beautiful violet tint of iodine 
in this solvent. 

565. Chlorine water separates iodine more satisfactorily, in this test with 
carbon disulphide, especially from dilute solutions. The chlorine- water should 
be dilute and added (after the starch-paste or carbon disulphide) drop by drop; 
as an excess will destroy all characteristics of free iodine by formation of 
iodine chlorides and iodic acid (576). 

k Nitrous acid — as from zinc and nitric acid or from acidulation of nitrites 
^^ — is a good agent to displace iodine. It should be very sparingly used (607), 
Bromine water is also employed for the same purpose. 

Bromides do not interfere with the easy recognition of free iodine ; unless 
an excess of chlorine is added, no bromine will be liberated ; and if liberated, 
it does not modify the color of iodine, in starch or in carbon disulphide, unless 
the bromine is in much greater q uantity, and even then the color represents iodine. 

568. Solution of ferric chloride, added in the proportion of 6 or 8 drops to 
3 or 4 cub. cent, (a fluid drachm or a little less) of the solution tested, together 
with carbon disulphide, slowly develops the violet tint in the subsiding liquid, 
if iodine is present (557 g) — a distinction from bromine. 

567. For Separation of iodides from chlorides and bromides, 576 ; from 
iodates, 573. 

568. The iodides of the alkali metals and of the first group metals fuse without de- 
composition ; those of mercury sublime undecomposed ; but other non-alkali iodides are 
mostly decomposed by ignition. 

Treated in the cupric bead of microcosmic salt, as directed for chlorine in 516, iodides 
give an emerald green glass, 

IODIC ACID. 

569. Absolute iodic acid, HIOs (or HalaOe), is a white, crystallizable, odorless solid, 
permanent in the air; at 170° C. (338° F.) resolved into water and iodic anhydride (HaO 
and laOe). Iodic anhydride is a crystallizable solid, at high temperatures resolved into 
iodine and oxygen. Bromic anhydride is not known. Iodic acid is freely soluble in 
water and in alcohol; the solutions reddening litmus, and afterwards bleaching it. 

570. Iodic acid is formed by prolonged action of nitric acid and other oxidizing 
agents upon iodine. Its salts, the iodates, are formed together with iodides in dissolving 
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1 iodine in aqueous alkalie? (I5!J4 a), aa well &s by osidfttion nl ioditles (557). Iodic acid is 
aftsily obl-ained bj trnnsposifig metallic iodates with Hulphuric acid (a); its radical not 
easily breaking up wLcn sepanited Irom metals, as chloiic and bromic acids do. 

a. 2EIO, -f H,SO, = K,SO, -|- SHIO>. 

571. The lodates — including' hydrogen iodate — are decomposed by reduclog agents, 
with the funnatioii iil iodides (of metala or of hydrogen) and with other results. 

SolphurouB acid is oxidized from iodic acid, first with separation of iodine {a); then, 
by tscess of the sulphurous acid, with formation of hydriodic acid (i). Hence, snlphnr- 
nns acid, added short of Kalvralinn, with starch, forms a delicate test for iodntes, and a 
distinction from iodides; but excess of the reagent destroys the color. Thiosnlphatei 
produce iodine, or hydriodic acid. Hydrc»ulpliuiic acid also reduces lodates, precipi- 
tating at first iodine and sulphur (e). With elcess of the reducing agent, the final pro- 
dnots are hydriodic acid and sulphur ((?); witheicessof the iodate, iodine and snlphate 
(e). Hydriodic acid instantly separates, from iodic acid, all the iodine of botli acids {/); 
hence, an intermixture of a metallic iodate with an iodide is revealed at once by adding a 
dilute or weak acid that will not itself liberate iodine, but will produce both the acids of 
iodine, so that they can decompose each other. In solation of potaesiam iodide, for ex- 
ample, a slight addition of tartarlo acid shows the presence of iodate by the itnmediale, 
not progressive, appearance of the iodine color, the test being more delicate by use at 
carbon disulphide. In solutions not of iodides, an Iodide may be added, with tartaric or 
acetic Bcid, in search for indates. But it must ha remembered that pnre iodides, ao 
treated, form liydriodio acid, which, by atmospheric osidation, progressively Uberstefl 
iodine, and will soon give a deep color to starch or carbon disulphide. HydrochloiiD 
aotd forms with, iodates mostly iodine chlorides fe), iodine not being liberated (distinction 
from bromates, 549). Morphia reduces iodic acid, with separation of iodine as a final 
Further, see 829. 
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SKIO, + SHiSO, = 21 + SKHSO, 
Or .-SHIOs + 6H,eO, = 21 + GHjSO, 



I,SO, + 



The iodine is taken up b 

amoi -f- 5H,s 



d. HlOa + 3H,S 



/. HIO, 
g. KIO, 



+ 5HI 
+ 6HC1 



= 61 4- 3H:0 (For acidulated salts, see G34 6), 
= (lOl, + 2C1) + KCI + 3H,0 



H lodates j'n dry mixt^re with combustible bodiesare reduced, on heating oi 
with dsfonaiion, but much less violently than chlorates ornitrates. Heated alone, iodatti 
are either reduced to iodiiles with liberation of oxygen (ibdates of potnssium, eodium); 
to oxides with liberation of iodine and oxygen (iodate of barium), t'ompare Bromata 
544. 

672. The iodates arc either inaolnhle or sparingly soluble In irater, except thoB 
of the alkali bases, a marked difference from bromntes and chlnrales. 
and lead iodates are insoluble in water. The alkali metals form acid iodates. In alcohofi] 
most of the iodates are insoluble; barium iodate, insoluble; calcium and potassi 
iodates, scarcely at all soluble (distinctions from iodides). 



172 Iodic Acid. 

Silver iodaie is readily soluble in ammonium hydrate (distinction from iodide); it is 
slightly soluble in dilute nitric acid (more so than the iodide). 

lodates are identified by separation of free iodine, known by its color in carbon disul- 
phide solution or in mixture with starch (571) ; and by precipitation of barium salt (572). 

573. Solution of silver nitrate precipitates, from even very dilute solutions of iodates 
and from solutions of iodic acid if not very dilute, silver iodates AglOa, white, crystalline, 
soluble in ammonium hydrate. In the ammonia solution, hydrosulphurio aoid preci- 
pitates silver iodide. 

Barium chloride precipitates barium iodate, Ba(IOs)2, nearly insoluble in cold and 
little soluble in hot water, insoluble in alcohol, scarcely soluble in dilute nitric acid, 
readily soluble in dilute hydrochloric acid. Hence, dilute solutions of free iodic acid 
should either be neutralized or tested with barium nitrate. This precipitate, by addition 
of alcohol, is a complete separation from iodides^ and, when well washed, decomposed 
with a very little sulphurous acid (571 a), and found to color carbon disulphide violet, its 
evidence for iodic acid is conclusive. Barium iodate is transposed with ammonium car- 
bonate, on digestion in solution and with ammonium hydrate (separation from periodate). 

Salts of lead give a white precipitate of lead iodate, Pb(I08)3. Ferric chloride gives, 
in solutions not dilute, a yellowish-white precipitate of ferric iodate, Fe3(IO»)6, sparingly 
soluble in water, and freely soluble in excess of the reagent. Boiling decomposes it. 

Alcohol precipitates ^o^oMtt^m iodate from water solution, an approximate separation 
from iodide. 
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174 Separation of the Acids of Chlorine, Etc. 

575. THE SEPABATION of the acids of chlorine, bromine, and 
iodine is effected by oxidations, reductions, color solutions, precipitations, 
separaiiye solutions, and vaporizations. In many cases of separation, the 
acids to be separated will act upon each other. 

r 

576. The Eecognition of chlorides, bromides, and iodides — by evolving 
their chlorine, bromine, and iodine, in presence of each other — can be accom- 
plished as follows — for the iodine the test being very easy; for chlorine, 
indirect, but unmistakable ; for bromine, dependent upon much care and dis- 
cretion.* 

The Iodine is liberated with dilute chlorine- water, added drop by drop, 
and is readily detected by starch, or carbon disnlphide, according to 565. 
(As to interference of sulphocyanates, see 643.) The Chlorine is vaporized 
(from another portion) as chlorochromic anhydride, and the latter identitied 
by its color and its various products, as described in 512. Before the Bromine 
is identified the iodine is to be either removed as free iodine, or oxidized to 
iodate (539). The oxidation to iodic acid is effected as follows: Treat with 
good chlorine water till free iodine no longer shows its color ; add a drop or 
two more of the chlorine water, and dilute with water, keeping cool ; then add 
the carbon disulphide, agitate, and leave the solvent to settle, for the yellow 
color of bromine. The removal of free iodine may be done as follows : Add 
chlorine water, drop by drop, as long as the iodine tint seems to deepen by 
the addition ; add the carbon disulphide, agitate, leave to subside, and remove 
the lower layer, either by taking it out with a pipette, or by filtration through 
a wet filter. Repeat, if need be, till iodine color is no longer obtained ; then 
continue, with dilute chlorine water, in test for bromine. 

If iodide in large proportion is to be removed, it is well, first, to precipitate 
it out, as far as possible, by copper sulphate and a reducing agent, as directed 
in 578. The filtrate is then to be treated by either method above given. 

577. The Separation by ammonium hydrate, as a solvent of the silver 
precipitates — AgCl, AgBr, Agl — when conducted with dilute ammonium 
hydrate, may be made nearly complete between the chloride and the iodide 
but it is very imperfect between the bromide and either of the others. The 
hot and strong solution of ammonium acid carbonate separate the chloride 
from the bromide (compare 509, 536, 558). ^ 

578. The direct removal of io4ides hy precipitation, leamng bformdes and chlorides 
in solution, can be effected (approximately) by copper sulphate with stilphtiroiis acid 
(563), or quite completely, by paUadious chloride (563). With the copper sulphate, the 



* In consequence of the relative commercial values of bromine and iodine, an^ the medicinal relations 
of bromides and iodides, it is of great importance to search commercial iodides for intentional and consi- 
derable mixtures of bromides— an impurity likely to escape cursory chemical examination. There are, 
however, very slif/ht and usually unobjectionable proportions of bromides generally to be found in the 
iodides of commerce, and occurring from the difficulty of exact separation in the manufacture of iodine 
A'om kelp. 



reduction oaght to be thorough ; and this result is better secnred by snlphnroua acid than 
by (ermua sulphate, and without loading the solution with another metallic salt. The 
action of palladium chloride is subject to no objection, except the Hoarcity and espensive- 
ness of the reagent. 

679. Chloric acid is separated from hydrochloric and all other acids of chlorine, bro- 
mine, tuid iodine (except from hypochlorous acid, and from traces of bromic acid), by 
remaining in solution during the precipitation by Bilvernitxats (BIS). 

BBO. Chloric acid i? separated /rem itilric acid — after finding that fiilver nitrate givtt 
no precipitate in another porliuii of the solution, acidulated — by evaporating and igniting 
the residue, then dissolving, and testing one portion of the solution by aUver nitrate for 
the chloride forrned from chlorate during ignition (618). The other portion of the solu- 
tion is teeted for nitric or nitrous atid. 

631, If we have to separate chloric acid both from nitric and hydrochloric aeida, a 
solution of eUvot Mulphate must be used instead o( the nitrate, to precipitate out all ihe 
hydrochloric acid. The filtrate from this is evaporated, ^nited, dissolved and tested, as 
in 580, for ehloride, indicating chlorate in the original solution, and another portion is 
tested for uitric acid. Also, chlorates are distinguished (not separated) from nitrates, by 
osidation of faiToua anlphata in solution with aoetio acid on heating, »Dd the couse- 
quent formation of the red solution of ferric acetate <190, 733). The solution tested must 
contain no free acids, and no nitrites or ottior oxidizing agents beside the two in question, 
but may contain chloride): ; and, of course, the ferrous sulphate must be pure enough not 
to color when heated alone with the Bcetie acid. Mis the ferrous sulphate solution with 
the acetic acid, boil, then add the solution to lie tested, and heat nearly to boiling, for 
some minutes. If no red color appears, chlorates are absent, and nitrates may be present. 

682. BypochloritM are separated utith chlorates from chlorides (bromides), etc., by 
silver nitrate) and distinguished from chlorates (in the filtrate from AgOl, etc.), by 
bleaching litmus, and by Ibeir much more rapid decomposition and consequent precipita- 
tion of any sUver in solution (528). They are also mora active than chlorates, as oxidiz- 
ing agents (626). 

583. The identification of lodlo acid ia simple and certain, by use of reducing 
agents (671), or precipitants (673). The identification of brotnio aoid, in presence of other 
acids, is indicated in 546 to 550. 

BB4. NITROGBN is a colorless, odorless, insoluble gas | not combining with oxygen 
^r other elemi'nts, in their ordinary state, at any temperature. It exists combined with 
hydrogen in the basie anhydride, Ammonia, NHg; with oxygen in the radicals of 
Hitiio acid. HNOs, and Nltroui add, HNO, | and with oarbon in cyanogen, NO or 
Oy, the radical ai hydrocyanic and other Cyanogen aotds. It also forms, with oarbon, 
hydrogen, and o^fgen, very numerous compounds in the organic kingdom. Most of ita- 
compoimdli escepif ammonia, are easy of decomposition; noneot them are readily formed 
by direct union of rtitrogen, unless in its nascent state. 

* The Nitrogen Sefies of Memenfs comprises five pertjssads, all acting as triads jn their 
more stable or typical unions, and differing from each other in regular giadatioa. Some 
of these progressive variations may be stated as follows : 
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686. When any dry carbon compound containing nitrogen (organic) is heated with 
ffl ol dry sodium hydrate and limo (or any dry, fixed alkali), ammonia is evolved, and'' ' 
d by its odor, effect on moiat lltmuB-pttper, etc. (63, 6B8). 



KITHIC ACID. 



586. Nitric aub^dride, NiOi, is a colorleK; solid, giving off vapor quite fredy abora 
10° C't melting at 30° C, and boiling at 4.5°, with some decomposition. It is diffloull dt 
foRDHtion, and does not occur in the changes ol ordinary chemical analysis. On coat 
with water, it forma nitric acid. 

687. Absolute nitric acid — BN^Oi — is a colorless, transparent, mobile liquid, of tho 
Bpeoific gravity of 1.58 at 15° C. [Millou], hoiUng at 86' 0. (187" F.) with partial dMom- 
position, leaving nitric acid mixed with water. Aqueous nitric acid having TO per oHit 
of HNOi, and corresponding to (HNOi)i(HiO}i, speciiic gravity 1,43, appeals to be a 
definite hydrate: as both stronger and weaker acids are, by boiling, reduced to this coin- 
position, which boils at 128' C. (253° P.) The reagent designated in this work as nitrit 
add has a specific gravity of 1.3, and about 35 per cent, of HKOi — [FreseniuB* standard 

688. By heating, by action of the light, and by organic particles from the air, strong 
nitric acid parts with oxygen and generates nitrous anhydride and nitric peroxide, HiOi 
and NiOt, whii:h remain dissolved with a yellow color. The tendency io this change is 
very strong in absolute nitric acid, which cannot well be preserved colorless; and the acid 
of 70 per cent, colors far more rejjdily than that of 35 per cent. The nitrogen oxides 
may he expelled by boiling; or, with less waste of nitnc acid, by passing pure air throu^ 
it, by means of a bellows, a wash-bottle, and, to avoid ililution, a drying-tnbe. 

689. Nitric acid is a itrong oxidizing agent, and, as auch, its reactinna with oxidizable 
elements and compounds are in constant requisition in analysis. Unless heated, nitrio 
acid does not generally oxidize substances as quickly as chlorine with water. 

690. In oxidizing and dissolving metala or metalloid*, and in oxidizing loww 
oxides, nitric acid most frequently disengages wat«r and nitric oxide (d) ; but, with cer- 
tain substances and under certain conditions, other residues are ehicfiy produced, as dini- 
trogen tetroside (b), nitrous acid (e), nitroaa osids (e), nitrogen (/), hydrogen (a), ammo- 



nium nitrnto {g), Eiamplps o( sereral of these results 
in the vase, ol zinc (aii3 e, d, c), iron (IftS b. e, d, e), t 
further, in the study of oxidations, sse 814. 



as Tttripd by conditi 
I (42G d, s), 8 



= NOi {combined) + 



d. 3HNOs 

e. SHNO, 
/. 2HNOs 
g. lOHNOa 



+ H,0 + N,0, 

+ HNOa(3HNO, = H,0 and 

+ HsO + SNO 

+ HjO -|- N,0 

+ H,0 + 2N- (combined). 

+ 3H,0 + NH.N03 



891. The metallic siilphidps (escept mercuric sulphide) dissolve as nitrates by action 

litric acid, more or less readily; the sulphur being at first mostly left as a residue. 

sulphur is oxidized, metallic iuiphates aia formed, soluble or insoluble 



of 
But as f 

(eqoatio 

692. Nitric acid is 
nitrates : 

BKTO, + H,SO, 



formed by trans posi lion between sulphuric acid and' 



HNO= 



(Witli solid nitrates, short of a high heat.) 
SKNOj + HjSO, = SHNO, + K,30, 

(In solution ; or with solids at a red heat.) ■ 
6Q|3. The NitrateH are all soluble in water. Tliere are a few Sosi'c nitrates 
— basic bismuth nitrate, basic mercurous and mercuric nitrates, insoluble in 
water. Many of the nitrates are insoluijie in alcohol. 

Most of the tests for the identification of nitric acid are made by its de- 
osidation, disengaging a lower oxide of nitrogen (590), or even, by complete 
deoxidation, forming ammonia (598). 

684. Solphuric aoid is transposed with metallic nitrates, with but little 
decomposition of the nitric acid formed (592). The colorless or slightly red- 
dish gas does not rise till the mixture is very hot— absolute nitric acid not 
being, like hydrochloric acid, a gas at ordinary temperatures. It reddens 
litmus, and has a characteristic acrid odor. 

596. If, with the sulphuric acid, a bit of copper turning, or a crystal of 
ferrous sulphate, is added to a concentrated solution or residue of nitrate, the 
mixture gives off abundant brown vapors; the colorless nitric oxide, WO^j 
which is set free from the mixture, oxidizing immediately in the air to dinitro^ 
gee trioxide and tetroxide, N,Oj and TT^O, : ~ 

2KNOs + 4H,aO. + 3Cu = K,SO, + SOuSO. + 4HvO + 2NO 
2KN0. + 4H,SO. + 6PeS0.= KsSO. + 3Fo,(SO,),+ 4H,0 + 3NO 
3NO + O = N,0. 
SNO + CO = NvO. 



I 



Tbe three atoms of ozygen, furnished by two molecules of nitrate {aain 
600 rf), suffice lo oxidize three atoms of copper ; bo tlial 3CuO with. 3H,S0^ 
may form 3CuBO, and 3H,0. The same three atoms of oxjgen (having six 
bonds) tttiilice to oxJdizo si.\ molecules of ferrous salt into three molecules of 
ferric salt ; so that OFeSO, with 3H,SO., can form 3Pe,(SOJ. mid 3H,0. 
' fiB8. Now if, by tbe last-ntimed reaction, the nitric oxide is disengaged in 

cold solution, with excess of ferrous suit and of sulphuric ueid, instead of pass- 
ing off. the nitric oxide combines with the ferrous salt, forming a Mack-iroim 
Kquid, (PeSOjjjH'O, decomposed by heat and otherwise instable. And SITO 
require 4FeSO„ in addition to the proportion of ferrous salt in the equatioQ 

8KNO, + 4H,SO. + lOFeSO. = 

K,60, + 3Fe,(B0,)i + 4H,0 + S(FeSO,)^0 

This exceedingly delicate test for nitric acid or nitrates in solutioa may be 
oonducted as follows; Take sulphuric acid to a quarter of an inch in depth in 
the test-tube ; add without shaking a nearly equal bulk of solution of ferrous 
sulphate, and cool the liquid ; then add slowly of the solution to be tested for 
nitric acid, slightly tapping the test-tube on the side, but not shaking it. The 
** brown ring " forms, between the two layers of liquid — violet, red, brown, or 
black, according to proportions and conditions. The color disappears on heaU 
big, with evolution of nitrous gas, yellowish feiTio solution remaining. The 
test is somewhat more delicate If a crystal of ferrous sulphate be added, in- 
stead of tbe solution, and the test-tube be set aside for several hours, 

697. Slight traces of nitrate (ns in rain or river.waters) am dGteofed, according to tha 
above reaction, by first reducing to nitrite by heating for some time with zino amalgum, 
or lass readily witli finely divided zinc. NitriiM previously found to be aiee.nl, by the 
Mine teat, viz, : To a thick layer of the clear filtered water, the solution of ferrous sul- 
phate is added, and the brown colnration obtained, it nitrites have been formeil. Or, a 
drop or two of pota«sInin Iodide solution with fresh ilarch-paste, and a drop or two of 
very dilute sulphuric acid is added (GOT). 

The reduction lo nitrite may also be effected by zlno or cadminra, in acidulated solu- 
tion, as follows (Storkr):* Boil tbe solntion, slightly acidulated (by addition of siilphurie 
acid, if necessary) with metallic cadmium (or zinc) for about Ave minutes, in a tall vessel 
— or, better, in a retort with raised condenser, and filter or decant from the metal. Then 
add a mixture of potassium iodide and starch-pagte — or. betl«r, a mixture of zino iodide, 
rino chloride, and stareh-paste. The iodine-eolor indicates nitrons atid. reduced from 
nitric acid. Without the boiling in acidulate solution, hydrogen peroside may be forme'd, 
giving a fallacious indication for nitric acid, 

598. Reduction to AmmonlBj by strong reducing agents (S90 g) is a valuable resouroe 
in identifying nitric acid. The tests based on this principle arc delicate, but do not dis- 
tinguish nitric acid fmm nitrous acid or cyanogen compounds. Ammonia, it found 
^leadj present, may bo distilled off. In those tests requiring use ol strong alkali, nitro- 
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aiTRic Acid. 

VjBnouB organic suhstonccs will give ummonin. The aminoRia obtained is, in most I 

r methods, identified by potaaiium msrouiic iodide — a reaction so delicate as to show tbs fl 

I frequent presence of ammonia in distilled wuter and many reagents. Sence, all theBC ( 

must be first tested, if necessary, after distillation. Larger quantities of ammo 

recognized in vapor, by litmus, etc. 

lu Deutral solutions, sodium amalgam Is used as follotva — a method for the total of 
nitric and nitrous acids and ammooia, in potable waters, and otherwise applied : To 8 or 
8 cub. cent, (1 ^ or 3 fluid drachms) of the solution (in a carefully cleaned test-tube), add 
100 to 300 grama of sodvum-amalgam, which is J^ per cent, sodium : cork the tube lightly 
and leave for twelve hours. Hydrogen is always slowly evolved, and escapes. Decant 
and rinse into a glass cylinder one inch wide, and at least sis inches high, and add water 
to about 60 cub. cent. (3 fluid ounces), Nessler's test solution ia now applied. The test 
cannot be made before deeautatlon from tho amalgam, as the nascent hydrogen intei- 

The nanBeTit ftydrogen developed by dissolving idno fm Bolution of potaastum Iijrdrate 
also reduces nitrates in the alkaline solution, and evolves ammonia. This is a convenient 
and efiicient lest by reduction to ammonia. Tho solution should be strongly charged 
with potassium hydrate, the zinc finely divided, and mixed with half its weight of iron 
filings. The mixture ia then disiilkd at a boiling rate, and the distillate tested for am- 
tuonia by potassium mercuric iodide. The reagents, including the water, should be flrst i 
tested in the apparatus. ■ 

Metallic magneBinm may be used for the reduction, as follows: Acidulate with phos* I 
phoric acid; add magnesium wire, and leave, cold, a few minutes. Then test for ' 
ammo;iia, by the potassium mercuric iodide solution with potaaaium hydrate. If intef- 
fering acids are present, add potassium hydrate, distil, and test the distillate for ammonia. 

StannouB ohloiide and hydrochlorio acid, heated with a nitrate, form stannic chlo- 
ride, and convert nitric aeid to ammonia (which remains as ammonium salt). 

699, With hydrochloric add, nitric acid forma free chlorine, etc. (nitrohydtoehlorio 
acid, 513), applied as a test for nitric acid— in absence of other oxidizing agents— as fol- 
lows : Heat a little hydrocMorio acid in a test-tube to boiling; color it (slightly) with « 
drop or two of very dilute indigo aolation {in sulphuric acid), and boil again. If tha 
hydrochloric acid was pure, the color remains unchanged. The addition of a nitrate, 
with boiling, now quickly bleaches the solution. 

600. Phenol, OiHiOH, gives a deep red-brown color with nitric acid, by formation 
of nitrophenol (mono, di, or f ri). 0,H,(NO,)OH to O.H5(NO,)aOH, "picrie acid" or 
iiitrophenio acid. A misttire of one part of phenol (cryst, carbolic acid), four parts of 
Btrong sulphuric acid, and two parts of water, constitutes a reagent for a very delicate 
test for nitrates (or nitrites), a few drops being sufficient. With nnmised nitrates, the 
action is esplosive, unless upon very small quantities. The addition of potaisium 
hydrate deepens and brightens tho color of the nitrophenic aeid solution. 

601. Bmcia, dissolved in concentrated sulphuric acid, treated (on a porcelain surface) 
with even traces ot nitrates, gives a fine deep-red color, soon paling to reddish -yellow. 
If, now stannous chloride dilute solution be added, a fine red-violet color appears. 
(Chloric acid gives the same reaction.) Aniline Bolptaate solution, with a half volume of 
ceRCentrated sulphuric acid, treated (on a porcelain surface) with traces of nita'ates, gives 
a rose-red color, commencing with red lines, and when concentrated appearing brown-rod. 

fi02. By alight ignition, nil rates of the fixed alkali and alkaline earth metals are 
rednced to nitrites, recognized as shown in 607. Stronger ignition changes them to 
eauetic bages. with formation of brown vapors. Nitrates of heavy metals are mostly 
changed to oj-ides by heat : ammonium nitrate, wholly to nilroua oxide and water. 

Heated on Charcoal, or with potassium cyanide, or sugar, sulphur or other easily 



180 Nitrous Acid. 

oxidizable substance (as in gunpowder), nitrates are reduced with deflagration or escpioaoHi 
more or less violent. With potassium cyanide, on platinum foil, the deflagration is espe- 
cially vivid. In this reaction, free nitrogen is evolved, as by equation /, 590. 

Strongly heated with excess of potassium hydrate and sugar or other carbonaceous 
compound, in a dry mixture, nitrates are reduced to ammonia, which is evolved, and may 
be detected. In this carbonaceous mixture, the nitrogen of nitrates reacts with alkalies, 
like the unoxidized nitrogen in carbonaceous compounds (compare 585, 590 g, and 598). 

603. Free Nitric Acid may be distinguished from nitrates, by giving the brown 
liquid with ferrous salt, on reduction by zinc, without addition of sulphuric add, as 
stated in 597, and by coloring quill-cuttings or white woollen fabrics yellow, when the. 
solution is evaporated with them on the water-bath. The yellow color substance contains ' 
xanthoproteic acid, and is formed by action of nitric acid upon any gelatinoid substance 
— as the skin — and upon ordinary albumenoid substances. (See, also, 678.) 

For Separation of nitrates from chlorates, see 580. 



NITROUS ACID. 

604. Absolute nitrous acid, HN'^Oa, is hardly known. It may exist in ice-cold, 
dilute, aqueous solution ; but nitrous anhydride, NaOs, is the more stable compound. 
The latter, free from water, is a liquid, boiling at -10° C. as gaseous NaOs'and Na04, 
and capable of solution in ice-cold water as a blue liquid. This solution, on slight eleva- 
tions of temperature, splits into nitric oxide gas and nitric acid, the latter left in solu- 
tion : *'- 

• - 

3NaO, -f HaO = 2HNOa + 4NO 

605. Likewise, when a metallic nitrite is transposed by dilute sulphuric acid, nitric 
oxide is evolved and nitric acid is left in solution ; the brown gas which appears being 
formed by the oxidation of nitric oxide, as soon as it enters the air: 

6KNOa + 3HaS04 = SKaSOi + 2HNOa + 2HaO + 4NO 

606. Nitrites, in many relations, act very readily as oxidizing agents; in other rela- 
tions, with equal readiness, as deoxidizing agents. In both of these directions, they fur- 
nish reactions for their identification. The oxidation changes by nitrous acid are given 
in 813. 

607. By Oxidizing Action, nitrites mostly furnish one-fourth of their oxygen, leaving 
nitric oxide. When decomposed in dilute cold solution by acetic acid or very dilute sul- 
phuric acid, they instantly liberate iodine from iodides (distinction from nitrates, which 
give this reaction slowly, even in moderately concentrated solutions). Only a drop or 
two of the potassium iodide solution should be added ; if but traces of nitrite are present, 
the iodine may be detected by starch or carbon disulphide, as described in 565: 

HNOa + HI = I -f HaO + NO 

608. Nitrites with very dilute acids — and with acetic add—form ths broton liquid 

(596) with cold solutions of ferrous salts (distinction from nitrates) : 

6FeS04 + 2HaS04 + 2KNOa = Fea(S04)8 + KaSO* + 2(FeS04)aNO + 2HaO 

609. Nitrites, with iodic acid, or iodate and slight acidulation, give free iodine — a 
good distinction from nitrates. 

610. A concentrated solution of nitrites, treated with a drop or two of aniline sol- 






HritRoCYANic Acm. 

pfaato solutinn, gives the Taper if phenol. recogTiized by its odor (OgHiN oxidized to 
OtHtO) — a distinutiun from nitric acid. Indigo solution in sulphuric acid ta bleached by 
nitrites, 
' 611. As a reducing agent, a nitrito decolors potasslnm pennai^;aiiat« solution ocidu- 

lat«d with su]phurie acid — an easy distinction from nitrate. 

612. Nitrites are all solnbla in water — argentic nilrite being but very sparingly 
soluble, and nitrites generally requiring for solntion a larger proportion of water than 
nitrates. In solutions not very dilute, silver nitrate precipitates silver nitrite, AgNOi, 

( white. In moderately concentrated solutions of potassium nitrite, cobalt nitrate precipi- 
tates polassio cobailie nUrile, (RN03)i00iO] (NiOi)], reddish-yellow, sparingly soluble in 
. water (325). 

In analysis, nitrites respond to the cotamoii test for nitrates (596); from which they 
ore distinguished as stated in 607 to 611. 

613. By ignition, most metallic nitrites are resolved into raetaUic oxides, nitrogen, 
and oxygen; ammonium nitrite, into nitrogen and water. Heated with oxidizable bodies, 
nitrites deflagrate or detonate, like nitrates. 



614. OTANOOBN, (0""N"')', at ordinary temperatures is a colorless gas, having an 
odor like prusstc acid, and burning in the air with a blue-violet Same — the oxidation of 
its carbon only. It dissolves freely in water, slowly decomposing in the solution. It is 
very poisonous. It is not readily decomposed by chlorine in absence of water; but its 
carbon is oxidized by all strong oxidizing agents, though not rapidly. In many of its 
combinations, cyanogen resembles chlorine and other haiogena. 

The most important Aoida of Cyanogen are : 



b 



Hydrocyanic! acid H(ON)' or HOy'. 
Hydroferrocyanic acid, H,P6"Oyi. 
Eydrpferriejfliiic acid, HsPea'^'Cyu, or H 
Cyanic acid, HCyO. 
Solphocyenic acid. BCyS. 

HTDHOCyAHIC ACID. 



61G. Aosolute hydrocyanic acid, HOy, at. ordinary temperatures is a colorless liqni 
boiling at 37° C. (81" P.), soluble in all proportions in water, alcohol, and in 
coroposing slightly in its water solutions, scarcely at all in the dark. It vaporizes f 
its solutions, the more rapidly as they are more concentrated and at higher ternperatur 
and distils readDy unchanged. It has a characteristic odor presented in a modified fon| 
by bitter almonds, The pharraacopoeial solution, "diluted hydrocyanic acid" 
Scheele's), contains two percent, of the acid. (The vapor, unless greatly diluted with ai 
is a quick poison by inhalation : antidotes, chlorine or ammonia, by inhalation.) 

616. The Cyanides of the alkali metals, alkaline earth metals, an 
curia cyanide, are soluble in water — barium cyanide being but sparingly solu-* 
ble. The solutions are alkaline to test-paper. The other metallic cyanides 



HYDROcrANic Acid, 



Bits insoluble in water. Miiny of these dissolve in Bolutiona of alkaline cyanides, 

by combination, as double meinlUc cyanides. 

Id analysis, tiie most delicnte teals fur hydrocyanic acid are the produotions 

of color coiiipouuds of iriin (622, 621). I'or the silver precipitate, til8. 
■ 617. There src Two Classes of Double Cyanides, both of which are i'ormed 
Bvhea a cyanide is precipitated by an alkali cyanide, and redissulved by exoe 
Kfthe precipitant, as shown ii: eiiuatlon a. 

Cla6S I. Double cyanides ithich ore not afffcled by alkali hydrates, but suffer diesodO' ' 
lion when treated vHlh dilute ucidi (i). Thexo elnsely resemble the double iodides (HJ8, 
potassium mercuric), and the double sulphides or sulphosalts (36G e, etc.) The i 
qnently occurring of the double cyanides of this class, which dissolve in water, d 



,. BgOl, 



2KCy 



HjOj, 


+ 


SKOl 




HsOy, 


+ 


mo. 


= (KCT),HBOy, 


HgOy, 


+ 


2KC1 


+ 2Ha7 



^^^P Class U. Double cyanides, whieh, ae precipitates, are iransponi^d by alkali liydrates, 
^^^■in dilute solution, (c), and are IraTisposed, mthout dissociation, hij dilute acida (rf). In 
thRse double cyanides, as potassium ferrous cyanide, (KG]r)4peClyi, tbe whole of the 
cyanogen appears to form a new compound radical with that metal whose single cyanide 
is insoluble in water; thus, FeOyg as "ferrooyanogen," giving EifoCiya as "potassium 
terrooyanide " (for the potassium ferrous cyanide). These more staiile double cyanides or 
"fcrrocyanideE," etc., correspond to the platinio double chlorides or "chloroplatinates" 
(480), and the palladium doubloehlorides, or chloropalladiates (485). The most frequently 
occurring of the double cyanides of this class, which ore mluble in water, are giya 
below. 



. (KCy),HgCy, + 3HC1 = 

Potassium (or sodium) zinc cyanide, (KCyjjZnOy, 

Potassium manganic cyanide (or jiutassium manganicyanide), (KCy)i 

Potassium (or sodium) nickel cyanide, (KCy)jNiCy,. 

PotasiiLim (or sodium) copper cyanide. (KOy)5CuOya. 

Potassium cadmium eyanidc, (KCyJiCdCyi. 

Potassium (sodium or ammoninm) silver cyanide, ECyAgOy. 

Potassium (or sodium) mercuric cyanide, (KCyjaHgCy^. 

Potassium (or sodium) auric cyanide, EOyAuOyg. 



),ianayt^^M 



c. Cu,PeCy. 


+ 


4E0H 


= 2Cu(OH), 


+ H.FoCy. 


d. K.FeCy, 


+ 


SH,SO. 


= 3K, 


,S0, 


+ H.FeCy. 


aK,FoCy, 


+ 


3B,SO, 


= 3K, 


,so. 


+ SH.FeOy, 


Alkali fcrrocyanides, i 


^sH.re"Cy„ 


potassiu 


m ferrous cyanide. 


Ferricyanides, as K,re,viOy,„ or K.PeOy, 


, potiws 


ium ferric cyanide. 



HTDROCYASIC ACID. 



Cobaltioyanides, as HiCOO^'Oy,,, o 
UongaDicyanides, as Ei(]VIniij'"Cyi!i 
Chromicyaaides, as Hi(Crj)"Crn, o 



KaOoCys, potaasium cobaltic cyanide. 

or KsMnCyi, potassium mangaitic cyanide, 

EiOrCyi, potassium chromic cyanide. 



The easily decomposed double cyanides of Class I. ore, like the single cyanides, in- 
tensely poisonous. The difficultly decomposed double cyanides of Class II. are not 



618. The Single Cyanides are transposed by the stronger mineral 

acids, iiKire or less rendily, wil.li libeiatiou oi hydrocyanic acid. HCy, efier- 
vesciiig I'rom concent rated or hot solutions, remaining dissolved in told and 
dilute solutions. Meicuria cyanide furnishes HCy by action of H,8, not by 
other acids. The cyanides of the alkali and alkaline earth metals ore trans- 
posed by ail acids — even the carbonic acid of the air — and exhale the odor of 
hydrocyanic acid. 

618. Solution of silver nitrate precipitates, from aolutiona of cyanides or 
of hydrocyanic acid (not from inei-curic cyanide), silver cyanide, AgCy, white, 
insoluble in dilute nitric acid, soluble in ammonium hydrate, in hot nmmonium. 
carbonate, in potassium cyanide, and in thlosnlphates — uniform with silver 
chloride. Cold strong hydrochloric acid decomposes it with evolution and 
odor of hydrocyanic acid (recognition from chloride) ; and when well washed, 
and then gently ignited, it does not melt, but leaves metallic silver, soluble in 
dilute nitric acid, and precipitable as chloride (distinction and means of separa- 
tion'irom chloride). 

620. Solution of merouroua nitrate, with cyanides or hydrocyanic acid, 
is resolved into metallic inercury, as a gray precipitate, and mercunc cyanide 
KaA nitrate, in solution. Salts of copper react, as stated in 278; salts of 
lead, as stated in 318. 

621. Ferrous salts, added to saturation, precipitate from solutions of 
oyauides, nut from hydrocyiinlc acid, ferrous cyanide, FeCy,, while, if free 
from the ferric hydrate formed by ndmixCure of ferric salt, and, with the same 
condition, soluble in excess of the cyanide, an (with potassium cyanide), (KOy)^- 
PeCy, = K,FeCy,, potassium ferroci/anide (a). On acidulating this solution, 
it gives the blue precipitates with iron salts, more marked with ierric salts (J) : 



3KOy + PoSO, 



K.FeOy, + SPe.OU 



FoOy, 4- K,SO. 

PeOy, + 4KOy = 

Fe.(PeOy.), + 12K01 



Thia production of the blue ferric ferroeyanide is made a delicate test fo 
hydrocyanic acid, as follows : A tittle potassium hydrate and ferrous sulphati 
are added, the mixture digested warm for a short time ; then a very 
rie chloride ia added, and the whole slightly acidulated (so as to dl; 






I 



1P4 



HyDEOFssROCYAmc Acid. 



vill appei 




the ferrous and ferric hydrates), when prussmn bli 
acid wus present. 

622. The production of the red ferric sulpJiocyanate is 
ej/anic acid, more delicate than formulion of t'errocjanide. By 
Itiia reaction occui-s ; KCfy + S = KCyS ; or : 

(NH,),S, + 2HOy = 3NH.OyS + B,B + 
To the moteriai in an evaporating disli, add one or two drops of yellow 
ammonium sulphide, and digest on the water-liath until the mixture i! 
less, and fruc from sulpliide. Slightly acidulate with hydrochloric acid (which 
should not liberate H,B), and add a drop of solution of ferric chloride; t 
biood-red solution of feriic sulphociaimto will appear, if hydrocyanic acid w 
present. 

823. Solution of nitropbanlo acid, 0<iHi(NO,)>OH, added, in a small quantity, to a 

nentralizod solution of cyanides of alkali metals, od boiling' (and standing), gives a bloed- 

md color, due to picrocyanate (as EOsHiNiOi). This te«t is very delicate, but not ywj 
.idfatinctive, as various reducing agents give red products with nitrophen' 

624. The fixed alkali hydrates, in boiling solution, btningly alkaline, gradually 
lompnse the eyanidea with production of ammonia and fonnate, Ferrocyaaides and 

tericyanides finally yield the same products. Dilute alkalies, not heated, transpose, as 

by equation c, 017. 



HON -I- KOH + H,0 



KOHO, 



NH, 



(585). 



By fusion with alkali hydrates, all cyanogen compounds yield a 

Icantrated Bulptauric aoid docoiaposcs cyanogen in all of iLs compounds. 
636. Cyanides ore Heduoing Agents — in the wet way having a moderate, in the dry 
. vay a forcible action; and in either way removing sulphur, as well a^ oxygen (83Q): 



With osides : O + 

With sulphides : B + 

In solution : cyanides decolorize the 



KOy 
KOy 



: EOyO 
: EOyS 

but do not reduce the cnpric 



hydrate with potassium hydrate. 

By fusion : cyanides are employed as the most efficient of agents for obtaining motalB 
from their oxides or sulphides, as has been stated with reference to arsenic, tin, etc. The 
oyanates and sulphocyanates, so formed, are not readily decomposed by heat alone. 

By exposure to the air, cyanides acquire some proportion of cyanates, and commercial 
cyanide of jwtaasium contains cyanate. 



IHTDHOFEEEOCTANIC ACID. 

626. Absolute hydroferroeyanie acid, H,PeOy. — see 617, Class II. — is a white solid, 
freely soluble in water and in alcohol. The solution is strongly acid to test-paper, and 
decomposes carbonates with effervescence, and acetates. It is non-volatile, but absorbs 
oxygen from the air, more rapidly when heated, evolving hydrocyanic acid and deposit- 
ing pruseian blue, thus : 

7H,FeCy, 4- 30 = PB,(PeOy,), + 3H,0 + 24Hay 



Hydrofebrootanio Ac 



627, Hydroferropyanic acid is formed by transposition of metallic ferrocyanldes in 
solution, with strong acids (a). When the solution is heated, hydrocyanic acid is evolved; 
in the cane al an alkali fBtrooyanide, without ahsorptiou of oxygen (5), Potassium ferro- 
cyanide and sulphuric acid are nsuailly employed for preparation of hydrocyanic acid : 



»a. HtFeCy, -f 2H,S0. 
6, 3H,pBOr, + E.(PeCy,) 

I. and 6. 2K,FeCy, + SH.jSO, 



SKaSO, + H,FeOy, ^H 

3K,FeFeCy, + l^BOy ^| 

3E,SO, + EiFeFeOy, + 6HO7 



638, The Perroeyanides of the alkali metals, strontium, calcium, and 
magnesium, are freely soluble in water ; of barium, sparingly soluble ; of the 
other metals, insoluble in water. There are double ferrocyanides j soluble and 
insoluble ; that of barium and potassium is soluble, but potassio calcic ferro- 
cyanide is insoluble, The most of the ferrocyanldes of a heavy metal and an 
alkali metal are insoluble. Potassium and sodium ferrocyanldes are precipi- 
tated from their water solutions by alcohol (distinction from ferri cyan ides). 

The soluble ferrocyanldes are yellowish in solution and in crystals, white 
when anhydrous. The insoluble ferrocyanides have marked and very diverse 
COlorB — as seen bolow. 

In analysis, soluble ferrocyanides are recognized by their reactions with 
ferrous aTid ferric salts and copper salts (629). Separated from ferricyanide, 
by insidubility of alkali salt in alcohol, 

629. Solutions of alkali Ferrooyanides, as K.FeCy,, give, with soluble 
salts of: 



At iiTYii-niiim , 
Antimony, a white 
Bismuth, a white 
Cadmium, a white 
Calcium, a white 
Chromium, no 
Cobalt, a green, then gray 
Copper, a red-brown 
Oold, no 

Iron (ferrous), whi. thenbli 
Iron (ferric), a deep blue 
Xiead, a white 

inesium, a white 



hite precipitate, Al,(OH), and FeCy, (for 



wly). 



Bi,(FoCy.).. . 
CdjFeCy, (sol. i 
KjOaFeCy,, 

COjFeCy,. 
Cu,FeCy,. 

K^FeFeCy,. 
Fe,(FeCy,),. 
Pb,FeCy,- 
(ira:.),MgFeCy, (ii 
K,MgPeCy. (only i 



hydrochloric acid). 



presence 
1 cone. 



solution). 1 



Hydrofsurwyahio Acid. 



Uanganese, a white precipitute 
Mercury (merouroua), a^¥hi. " 

Mercury (mercuric), a white " 



TSn^eCy, {sol. in bydiuchloric 
Hg^FeCy, (gelatinous). 



Hg,PeCy,,, tun 

Pe,(PeCyJ 



ling to HgCy, and 



while 



Molybdem 
Nickel, a g 
Silver, a white 
Tin (Btannous, stannic), v 
Uranium (uranous), brow 
XTranium (uranic), red-br<: 
Zino, a white, gelatine its 
Insoluble ferrooyanides i 



" NijPeCy,. 

" Ag,PeCy, (slowly turning blue), 

i. " (gelatinous). 

" UTeOy,- 

n " ^^(PeCy,),. 

" Zn^PeCy,. 
3 transposed by alkaliea {017 c, and 624), 



I 



630. It win be obaeryed (BIT) that /erroeyoaMtes are /cttoih combinations, while /s 
cyimida are ferric oombimttions. And, although ferrocyftnides are far les easily oxi- 
diajd than simple ferroua salts, being stabla in the air, they are nevertheless rednd^ 
^;aiiti — of moderato power. For oxidations of ferrooyanides, see 833. 



K,{FeOyt)"" 



Ol 



K,{FeOy,y 



KCl 



HYBHOPEHHICTAHTC ACID. 
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631 Abaolnte hydroferricyanic acid. HiFeCy., is a non-volatile, erystallizabla 
readily soluble iu water, with a Lrownish color, and an acid reaction to test-paper. It is 
decomposed by a sUght eleratioa of temperature. In the transposition of most ferricy- 
anides, by sulpliurio or other acid, the hydroferrioyanio acid radical is broken up. 

633. 'I'lip Perricyanides of the metiila of the alkalies and alkaline earths 
arc soluble in water ; thoso -if most of the other metals are insoluble or spar- 
ingly soluble Potassium and sodium ferrieyanidcs are but slightly, or not at 
all, precipitated from their water solutions by alcohol (separation from ferrii- 
cyauides). 

In analysis, the reactlona with ferrous and ferric salts are distinguishing. 

The soluble ferricyanides have a red color, both in orystals and solution ; 
those insoluble have different, strongly marked colors. 

Ferrioyanidea are not easily decomposed by dilute acids; but alkali hyr 
drates either transpose them (017 c), or decompose their radicals (024) 

Solutions of metallic Perrlcyanides give, with soluble salts of: 
Aluminium, r 



Antimony, 




precipitati 
a precipitate. 



HrOROFERBICTAXIC ACID. 



Biflmuth, lighl-bromi precipitate, BLPeCy, 
Cadmium, jellow precipitate, Cd,(FeCy,),- 
Chromium, no precipitate. 
Cobalt, brown-red precipitate, Co,(PeCy,),- 



inso!. in hydrochloi 



ciijs and in ammonia. 



■insoluble in awds. With ammo- 
offer ri cyanide gives It blood-red solu- 
manganese and -in\o. 
ipitate, Cu,(PeCy,), — insol. in hjdrochl. acid. 



n chloi'ide and hydrate, 

lobalt, from nicki 



—insoluble in acids. 



Copper, yellow-gr 

Gold, no precipitate. 

Iron (ferrous), dark-blue precipitate, PB,(PeCyJ,- 

Iron (ferric), no precipitate, a darkening of the liquid. 

Lead, no precipitate, except in concentrated solutions (dark brown). 

Manganese, brown precipitate, Mii3(FeCy,)j — insoluble in ocida. 

Meroury (mercurous), red-brown precipitate, turning white on standing. 

Mercury (mercuric), no precipitate. 

Ifickel, yellow-green precipitate, H'ij(T'eCy,), — insol, in hydrochloric i 

With ammonium chloride and hydrate, excess of ferricyanide gives a 

copper- red precipitate. 
Silver, a red-brown precipitate, AgjPeCy, — solu 
Tin (stannOTia), white precipitate, 8nj(I'eCy,)j- 
Tin (stannic), no precipitate. 
TTranium (uranoua), no precipitate. 
Zinc, orange precipitate, Zn,(PeOy,), — soluble 



n ammonia, 
in hydrochloric acid. 



L hydrochloric acid and in 



633. Perrieyanides, as ferric combinations, are capable of acting as Ozldiziiig 
Agents, the radical (FaOji)'", becoming (PeOyi)"", and taking another portion of 
Metal into combination, forming ferrocyanides (compare 630). Products with reducing 
agents are given JTi 833. jm 



4K,PeCy, + 
H,FoOy, + 



= SK.pQCy, 
= K.PeCy, 



H,PeCy, 



+ I 



Nitric acid, or acidulated nitrite, by continued digestion in hot solution, effects a still 
higher Oxidation of PorrioyanideB, with the production, among other products, of 
nitro-ferrici/unides or nilro-pnissides. These salts are generally held to have the compo- 
sition represented by the acid, H)Fe"(N0)'Oyi. Sodium mtroprueside is used as a 
reagent for soluble Bul]>hides — that is, in presence of alkali hydrat-es, a test for hydrosnl- 
phuric acid; in presence of bydrosulphuric acid, a test for alkali hydrates (668). 



CTAJflC AKD SCTLPHOCTAyiC AciDS. 



CYANIC ACID. 



L 634. Absolute cynnio acid, BOyO, is a colorless liquid, giviDg off pungent, irritatinf 
''~ 'T, and only preserved at very low ttmpcratuccs. It cannot he formod by transposing 

^...iUit! cvanates with the stronger iu^ids in the presence of water, by which it ia cliangvd 

to cailMDnic anhydride and ammonia : 



H(OH)0 



HH. 



oo>. 



635. The OyanatsB, therefore, when treated with hydrochloric or Bulphuria odA, 
effervesce with the estape ot carbonic anhydride (distinction from cyanides), the pungatit 
IT of cyanic acid being perceptible. The aJmnonia remains in the liquid as ammonium 
t, Bud may be detected by-addition of potassium hydrate, with heat. 



8K(aH)0 



SB,0 



K,SO, + (NH.)3SO, 



630. The cyanatea of the metals of the alkalies and of calcium are soluble in water; 
it of the others are insoluble or sparingly soluble. All the solutions graduallj decoro- 
, with evolution of ammonia. — Silver cijanate is sparingly aoluble in hot water, 
idily soluble in ammonia; soluble, with decomposition, in dilute nitric acid (distinction 
n cyanide). Copper cyanate ia precipitated greenish-yellow. 

Ammonium cyamaie in solution changes gradually, or immediately when boiled, to 

r carbamide, with which it is isomeric ; NH,ONO = (NHa>'.(CO)", The latter 

k recogiUKed by the characteristic crystalline laminee of its nitrate, when a few drops of 

ie solution, on glass, are treated with a drop of nitric acid. Also, solution of urea with 

rintion of mercuric nitrate, forms a white precipitate, ORiNiO(HgO>i, not turned yel- 

ir (decomposed) by solution of sodium carbonate (no excess of mercuric nitrate being 

Solution of urea, on boiling, is resolved into ammonium carbonate, which slowly 



637. Cyanates, in the dry way, \ 



2H,0 = (NH.)iCO, 
re reduced by strong deoxidizing agents to cyanides. 



SXTLPHOCTAHIC ACID (THIOCYANIO ACID). 

638, This acid, HOyS, corresponds to cyanic acid (HOyO), o\ygcn being sntistitated 
by sulphur. Its salts, the siilphocyanates (also termed svlphocyanidts), appear to be con- 
stituted as sulphosalts, with OyB as the acid radical. In this view, they are not haloid 

839. Absolute sulphoeyanic acid, HOjrS, is a colorless liquid, crystallizing at 13" C. 
(5i" F.), and boiling at 85° C. (185° F.) It has a pungent, acetous odor, and reddens 
litmus. It is soluble ia water. The absolute aoid decomposes quite rapidly at ordinary 
temperatures; the dilute solution, slowly; with evolution of carbonic anhydride, carbon 
disulphide, hydrosulphuric acid, hydrocyanic acid, ammonia, and other products. 

640. Tho same products result, in greater or less degree, from transposing goiuifo 
Sulphocyanates with strong acids; in greater degree as the acid is stronger and heat 
applied ; while in dilute cold solution, the most of the sulphoeyanic acid remains unde- 
composed, giving the acetons odor (see 643). The snlphocyanatas insoluble in water, are 
not all readily transposed by acids, Sulphocyanates of metala, whose sulphides are insolu- 
ble in certain acids, resist the action of the same acids. 



r' 



ScLPHocT smr i rw 



18! 



841. The 



of the alkalies, alkaluie earths; 
langaneae, ziiie, cobalt, and copper — 



Copper, 



Iron (ferrous), 
, ,Jxon (ferric), a 



lulphocyaiiates of the n 
also, tlii.ae of iron (ferrous and f^ric), 

are aolnble in water. Mercunc sulphocjanate, spaniigly soluble ; poti 
mercuric aulphocyanate, more soluble Sihei sulpliocyanate is insoluble in 
, water, insoluble in dilute nitric acid, slowly soluble in ammonium hydrate. 
The ferric reaction is the most diatinetive. 

642. Solutions of metallic Sulpb-ocyanates give, with soluble salts of: 

Cobalt, very concentrated, a blue color, Co(OyS)„ cry s tall izable in blue 
needles, soluble in ulcohul, not in carbon Uisulphide. The 
coloration is promoted by warming, and the teat is best made 
in an evaporating dish, in strictly neutral solutions, iron, 
nicltel, zinc, and manganese, do not interfere (Schobnn), 

if concentrated, a black crystalline precipitate, Cu(CyS)„ soluble 
in sulpiiocyamite. With ■aulphurouB acid, a white preci- 
pitate, CuCyS. 
o precipitate or color, 

intensely blood-red solution of I'Qj(CyS),, decolored by so- 

^^_ lution of mercuric cMoride (189, distinction from acetic 

^^K acid) ; decolored by phosphoric; arsenic, oxalic, and iodic 

^^^^ acids, etc., unless with excess of ferric salt ; decolored by alka- 

^^^H lies, and by nitric acid, not by dilute bydrochloric acid. On 

^^^1 introduction of metallic zinc, it evolves hydrosulphuric acid. 

^^^^ I'erric siilphocyanate is soluble in ether, which extracts traces 

of it from aqueous mixtures, rendering its cidor much more 

evident by the concentrntion in the ether layer. 

Lead, gradually, a yellowish crvstalline precipitate, Pb(OyS),, changed by 

boilinj:; to white basic sa,lt. 
Mercury (mercurous),a white precipitate, HgCyS, resolvei by boiling into 

»Hg and Hg(CyS),. The mercuroua siilphocyanate, HgOyS, 
swells greatly on ignition (being used in "Pharaoh's ser- 
pents"), with evolution of mercury, nitrogen, sulpho cyanogen, 
cyanogen, and sulphur dioxide. 
Mercury (merourio), in solutions not very dilute, a white precipitate 
HgfCyS),! somewhat soluble in excess of the sulphocyanate, 
sparingly soluble in water, moderately soluble in alcohol. On 
ignition, it swells like the mercurous precipitate. 
Platinic chloride, gradually added to a hot, concentrated solution 
of potassic sulphocyanate, forma a deep-red solution of double 
sulphocyanate of potassium and platinum (KCyS)jPt(CyS),, 
or more properly, K,Pt(CyS)„ the i 



Flatinum. 




190 Carbon. 

"potassium. The latter salt gives bright-colored precipitates 
with metallic salts. The sulphocyano-platinate of lead (so 
formed) is golden-colored ; that of silver, orange red. 

Silver, a white precipitate, AgCyS, insoluble in water, insoluble in dilute nitric 

acid, slowly soluble m ammonium hydrate, readily soluble in 
excess of potassio sulphocyanate ; blackens in the light. 

643. Certain active oxidizing agents, viz. : nascent chlorine, and nitric acid contain- 
ing nitrogen oxides, acting in hot, concentrated solution of sulphocyanates, precipitate 
permlphocycmogen, H(OyS)8, of a yellow-red to rose-red color, even blue sometimes, 
when concentrated. It may be formed in the test for iodine, and mistaken for that ele- 
ment, in starch or carbon disulphide. If boiled with solution of potassium hydrate, it 
forms sulphocyanate. 

Concentrated hydrochloric acid, or sulphuric acid, added in excess to water solution 
of sulphocyanates, causes the gradual formation of a yellow precipitate, peraulphoeycmiic 
acid, (HOy)aS3, slightly soluble in hot w&ter, from which it crystallizes in yellow needles. 
It dissolves in alcohol and in ether. 

644. Sulphocyanate of potassium can be fused in close vessels, without decomposi- 
tion ; but with free access of air, it is resolved into sulphate and cyanate, with evolution 
of sulphurous acid. 



645. CARBON is a solid, characterized by being insoluble in acids, alkalies, or other 
ordinary solvents, and infusible and non-volatile at very high temperatures. It suffers 
no oxidation in the air at ordinary temperatures. — As cha/rcoalj the black residue of the 
partial combustion of all organic substances, carbon is quickly oxidized to ca/rhonic 
cmhydride in the air at the temperature of ignition, but is not affected by powerful 
oxidizing solvents. — As graphite, carbon is only very slowly oxidized during ignition in 
the air, but is gradually oxidized by repeated digestions with chlorates and strong acids. 

The Acids containing Carbon, whose reactions are given in this work 
are : 

Carbonic acid, H,C''"0, ; anhydride, C"''0,. 

Oxalic acid, H,C,^0,.* 

The Cyanogen acids, named in 614. 

Acetic acid, H(C3H,OJ'. 

Tartaric acid, H,(C,H,Oj''. 

Citric acid, H,(C.H,0,)'^ 



* In the received view, that carbon remains a tetrad in nearly all its many compounds, the following 
graphic f ormolss are written : 



Carbonic acid, C=0 

H-O- 



Oxalic acid, i 



OompaTO with pseudo-triads, page 11, foot-note. 



H-a-o=o 

H-O-0=0 
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646. Absolute carbonic acid, its H.^CO,, is not known.— Carbonic anhy- 
dride, CO,, carbon dioxiJe, or " aniijdrous carbonic add," is a gas at atmos- 
pheric tpmperaturea and pressiii'es, and dissolving, however much coudensed, in 
about its own bulk of water. The alkali metals form double carbonates with 
hjrdrogen, or acid carbonates, aa KHCO,. The anhydride, CO,, is often de- 
signated as carbonic acid, as wo have no olhtr substance to which the term can 
be applied, 

647. TJ|e Carbonates of the metals of the alkalies are very freely soluble 
in water ; the hydrogen carbonates of the same metals, moderatBly soluble in 
water. AU other metallic carbonates are insoluble in water. The carbonates 
of the alkaline earth metals, and of aome others, dissolve slightly in water sa- 
turated withcdrbonio acid, and to a greater extent in water saturated with com- 
pressed carbonic acid — from which solutions they are fully precipitated on 
heatiog in open vessels. The metallic carbonate.i, except no 
carbonate, are insoluble in alcohol. 

Ill analysis, the carbonates are denoted by the sudden e 
(648), caused even by aeetic acid. 

648. The carbonates, both soluble and insoluble, are decomposed by all 
the acids [fseept liydrosulphuric and hydrocyanic), even when very dilute. 
The dci.'i.tn|nisition is attended by sudden effervescence of carbonic anhydride, 
CO,, which reddens moist litmus (a). 

With normal carbonates in cold solution, slight additions of acid (short of 
a saturation of half the Ijase) do not, cause effervescence, because acid car- 
bonate is formed (b) ; and when there is much free alkali present, (as in testing 
caustic alkalies for slight admixtures of carbonate), perhaps no effervescence is 
obtained. By the time all the alkali is saturated with acid, there is enough 
water present to dissolve the little quantity of gas set free. But if the car- 
bonate solution is added drop iy drop to the acid, so that the latter is con-- 
stantly in excess, even slight traces of carbonate give notable effervescence. 

^a. K,CO, -f 3HC1 = 2KC1 + H,0 -j- OO, J 

b. K,CO, + HOI = KCl + KHCO, I 

649. The. effervescence of carbonic acid gas, CO,, is distinguished from, 
that nf H^S or SOj by the gas being odorless, from that of N,0, by its being 
ivlorless and odorless ; from all others by the effervescence being proportionally 
mure forcible. It should bo remembered, however, that CO, is evolved (with 
CO) on adding strong sulphuric acid to oxalates (653), or to eyanates (635). 

On poasirg the gas, 00^, into solution of caloium hydrate (a) \ or of 
barium hydrate {b) ; or into solutions of calcium or barium chloride, contain- 
ing much ummouium hydrate (c), or into ammoniacal solution of lead 
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aoetate (d) ; a white precipitate or turbidity of insoluble carbonate is ob. 
tained. In the case of the solution of lime (or of baryta if dilute), the preci- 
pitate is soluble in sufficient excess of the gas — {.g., in water saturated with 
carbonic acid ; but it is not easy to saturate with gas generated in an open test- 
tube. The precipitate may be obtained by decanting the gas (one-half heavier 
than air) from the test-tube in which it is liberated into a (wide) test-tube, 
containing the solution to be precipitated ; but the operation requires a little 
perseverance, with repeated generation of the gas, owing to the difficulty of 
displacing the air by pouring into so narrow a vessel. The result is controlled 
better, by generating the gas in a large test-tube, having a stopper bearing a 
narrow delivery-tube, so bent as to be turned down into the solutidn to be pre- 
cipitated : 

a. OOa -f- Oa(OH)3 = OaCOs -\- H3O 

h, Ba(OH)3 giving BaOOs 

c. OOa + OaOla + 2NH4OH = OaOO, -\- 2NH4OI + H,0 

d. OOa + PbaO(09H80a)a = PbCOs + Pb(09H»0a)a 

The solutions of calcium and barium hydrates, furnish more delicate tests 
for carbonic anhydride than the ammoniacal solutions of calcium and barium 
chlorides, but less delicate than lead basic acetate solution. The latter is so 
rapidly precipitated by atmospheric carbonic anhydride, that it cannot be pre- 
served in bottles partly full and frequently opened, and cannot be diluted clear, 
unless with recently boiled water. 

650. Solutions of the acid carbonates effervesce, with escape of CO,, on 
boiling or heating, thus : 

2EHC08 . = KaOO, 4- HaO + OOa. (Gradually, at 100" C.) 

2NaHOO, = NaaOO. + HaO + COa. (Gradually, at 70' C. ; rapidly at 

90° to lOO* C.) 

2NH4HCO3 = (NH4)a008 + • HaO + OO9. (Begins to evolve OOa at 36' C.) 

(NH4)4Ha(008)8 = 2(NH4)aOO. + HaO + CO,. (Begins at 49" C.) 

651. Solutionis of carbonates form precipitates with salts of all metals, 
except those of the alkalies ; the precipitate being, in the larger number 
of cases, a carbonate or basic carbonate ; in some cases, a hydrate^ witK effer- 
vescence of CO, : 

KaOO. + PeOla = PeOO, + 2K01 
SEaOO. + FeaCU + SHaO = Pea(OH). + 6K01 + 800, 

652. On ignition, the normal carbonates of the metals of the fixed alkalies 
are not decomposed ; the carbonates of barium, strontium, and calcium are dis- 
sociated slowly, at white heat (81); all other carbonates are readily broken up. 



OXALIC ACID. 

653. Absolute oxalic adi3, H,0,O,, ia a white, amorphoua solid, which by 
care may be sublimed with only partial decomposition (a), at about 165° C, 
(339° 1\) Crystallized oxalic acid, H,C,0,.2H,0, effloresces very slowly in 
warm di-y aii-, ana melts in its crystallization -water at 98" C. {208° ¥.) ; at 
which leuiperature the liquid soon evaporates to the absolute acid. Oxalic 
anhydride is not foi-med, 

a. HjOjO, = H,0 + OO, + CO 

Concentrated siilphurie acid, with a gentle heat, decomposes oxalic acid, 
with effervescence of carbon dioxi'h and carbon monoxide, according lo the 
equation ;n the preceding paragraph. With oxalates, the decomposition gene- 
rates the same gases. Other strong dehydrating agents produce the same 
result. 

The effervescing gat, CO, -f CO, gives the reactions for carbonic anhydride 
(649) ; also, if in a sufficient quantity, it will hnrn with a blue flame, when 
ignited, by the oxidation (if the carbon monoxide. 

664. The Oxalates of the metals of the alkalies are Bolnble in water ; 
nearly all those of the other metals are either insoluble or sparingly soluble in 
water, (Chromic oxalate is freely soluble in water ; niagnesic oxalate, spar- 
ingly soluble.) 

in analysis, calcium oxalate is the precipitate most used, soluble in hydro- 
ehloric, not in acetic, acid, Also, the reducing aelion (S5T), decomposition 
with sulphuric acid (653), and ignition (658), serve in i li en ti flea lion. 

655. The metallic oxalates, soluble and insoluble, are transposed by dilate 
BOlphuric, hydrochloric, and nitric acids, with formation iti oxalic add : 

CaCaO. + 2H01 - CaOl, -|- H,C.O, 

That is : the precipitated oxalates of those nietals, which form soluble chlo- 
rides, dissolve in dilute hydrochloric acid ; of those metals which form soluble 
sulphates, in dilute sulphuric acid; and all precipitated oxalates dissolve in 
dilute nitric acid. 

Acetic acid does not dissolve precipitated oxalates, or but slightly. Cer- 
tain of thfi oxalates dissolve, to some extent, in oxalic acid (as acid oxalates). 

658. T\ie precipitates of oxalates are white. It follows, from 655, that 
s'llnticin of oxalic acid ean be precipitated but very slightly by any metallic 
sails of the stronger acids. 

Solutions of metallic oxalates give, with soluble salts of caloinm, a quite 
complete precipitate nf calcium oxalate, CaC,0, (compare 107) ; with salts of 
barium, in solutions rot very dilute, a slightly soluble precipitate of barium, 
oxalate, BaC,0, ; with ferric salts, a yellowish-white precipitate of ferric oxa- 
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latCf Pe,{C,Oj„ sparingly soluble in water, soluble in free oxalic acid; with 
ferrous salts, a yellowish precipitate of ferrous oxalate^ PeC,0^, not soluble 
in oxalic acid ; with salts of lead, as stated in 317 ; with salts of silver, a char- 
acteristic reaction, as stated in 337 and 658 c, 

667. Oxalic acid is a decided Reduoing Agent, being converted to wcUer and oat- 
home anhydride (a), and the metallic oxalates to carbonates amd carbonic a/n?iydr%de (6), 
by all strong oxidizing agents. The action of oxidizing agents is given in 811. 

a, HSO3O4 -f- O = HaO -f- S^Oa 

b. KiOaOA + O = EaCOs + OO9 

668. The oxalates are all dissociated on ignition. Those of the metals of the alkalies 
and alkaline earths are resolved at an incipient red heat, into carbonates and carbon 
monoxide (a)- -a higher temperature decomposing the carbonates (652). The oxalates of 
metals, whose carbonates are easily decomposed, but whose oxides are stable, are resolved 
into oxides, carbonic anhydride, and carbon monoxide (6). The oxalates of metals, 
whose oxides are decomposed by heat, leave the metal, and give off carbonic anhydride 
(c). As an example of the latter class, silver oxalate^ when heated before the blow-pipe, 
decomposes explosively, with a sudden puflSng sound — a test for oxalates : 

a CaOa04 = CaOOs 

h, ZnOa04 = ZnO -}- OO3 + OO 

C. AgaOa04 = 2Ag 



+ 
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669. SULPHUR is a solid— in yellow, brittle, friable masses (from melting); or in 
yellowish, gritty powder (from sublimation) ; or in nearly white, slightly cohering, finely 
crystalline powder (by precipitation from its compounds). It melts at about 111*" C. 
(232° F.); at higher temperatures, it suffers peculiar physical modifications of consistence, 
etc. ; and distils at 445° C. (836° F.) It is not sensibly volatile at ordinary temperatures, 
but has a slight, characteristic odor. 

In chemical activity, volatility, and other properties, sulphur stands as the second 
member of the Oxygen Series : 0, 16; S, 83; Se, 78; Te, 128. 

660. Sulphur is insoluble in water; slightly soluble in alcohol and in ether, freely 
soluble in carbon disulphide ; but with physical solvents other than water, its different 
modifications have different solubilities. 

661. By combination — sulphur dissolves readily in hot solutions of hydrates of potas- 
sium, sodium, calcium, or barium, lorming supersulphides ami thiosulphates (a). These can 
be separated by alcohol, in which the sulphides dissolve. Sulphur is acted upon slowly 
by active oxidizing agents, as hot concentrated nitric acid (&), of chlorine generated in 
presence of water (c), with formation of sulphuric acid. Hot concentrated sulphuric acid 
very slowly oxidizes sulphur to sulphurous anhydride, by its own reduction to the same 
compound (d) : 

a. 30a(0H)a + 6S = 20aSa + OaSaO, + 8HaO 

Or: 30a(0H)a +128 = 20aS» + OaS,Os + 8HaO 
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8 + 2HKO. = HjSO, + SNO 

8 -(- ecl + 4H,0 = H,80, + BHOl J 

8 + 3H,SO, + H,0 = 8H,SOi I 

662, In the air, at ordinary temperatures, finely divided sulphur is very 
slightly oxidized, by ozone, to sulphuric acid ; at about atiO" C. (500° F.) it 

xidlze rapidly to sulphurous anhydr\de, burning with a blue flame. 
The principal Acid^ of Sulphur are : 

Hjdrosulphuric acid, H,B". 
Sulphuric acid, H,S"0,. 
Sulphurous acid, HaS""0,. 
ThioBulph uric acid, HiSj""Oi. 
Dithionie itcid^ HgSiOi. 
Trithionic acid, H,BiO.. 
Tetrathionio acid, HiS.Ok 
Pentathiouic acid, HiStOi. 

HTDROSTJLPHUEIC ACID. 

663. Absolute hydrosulphuric acid, H^S, is a colorless gat 
uble in water.* 

The solution in open vtssels vaporizes gas constantly, at ordinary tempera- 
tures, until exhausted; more rapidly when boiled. Both gas and solution 
feebly redden moist litmus-paper ; and have a very strong, characteristic 
odor. (The concentrated gas is a quick poison, by inhalation.) 

Absolute hydrosulphuric acid is combustible in the air — burning with a 
bine flame, to sulphurous anhydride and water. 

604. The solubility of the Metallic Sulphides in water, dilute acids, hot 
nitric acid, and in alkali sulphides, is shown in the gi-ouping of the bases, and 
the Bub-grouping of the second group precipitates. 

In analysis, sulphides are known by generation of H,S (665), or separation 
of 8 by oxidizing solvents, and by the color test with nitro-ferricyanide (668). 

685. Sulphnrio acid, dibit*, trimaposes the metallic sulphides; except 
those of arsenic, tin, antimony, mercury, silver, (and lead), which are decom- 
posed with difficulty, or not at all : 

FoS -I- H,30, = Peso, -f- B,S 

The gaseous hydrosulphuric acid, when liberated, is recognized by its (?(for,J 

• One pari of iron gnlpbide. with one snd a half parts of concentnited enlpharlc acid dUnled to eight nr 
nine parte, gencmlenifflclenthjdioeDlphiiiicBcidtD eatDratfi Ofty parts of water at medlmii tempeiatare. 



I 



196 HYDE08UI.PBUBW ACID. 

by bluckeuing paper moiatL'iied with lead acetate, or with a soluLiou of ule«d 
■alt with gxoeBS of hydrate of potassium or sodium (311 and 309). Intha 
deteciiud oftrauea of the gas, a slip of bibulous paper, so moisteBPii, maybs 
inserted into a slit in the smaller end of u cork, which is fitted Co the teat-lube, 
wherein the material to be tested is treated with sulphuric acid ; the tube bring 
set aside in a warm plac« for several hours, A very delicate test is madebj 
conducting the gas into ammoijiacal solution of nitrofei-ricyanide (G68). 

If any oxidizing agents aie present—as chro mutes, ferric salts, manganii; 
salts, chlorates, etc. — -hydrosulphuric acid is not generated, but instead sulphur 
is separated, or sulphates are formed (666). 

The sulphides not tracsposed with hydrochloric or sulphuric acid, are recog- 
nized by the separation of sulphur on treatment with nitric acid, or witi 
nittohydroQhlorio acid. Also, these sulphides and certain supersulpbides, 
attacked with difficulty by acids, as iTon^pyrites and copper pyrites, are re- 
duced and dissolved, with evolution of hydrosulphuric acid, by dilute sul- 
phuric acid with sine. The gas, with its excess of hydrogen, may be tested 
by 6«8. 

666. Hydrosulphuric acid is a strong redncii^ Eigent, and the metsUic 
\ sulphides act in the same capacity with a greater or less degree of force. The 

with oxidizing agents are given at length iu 817. Equations are given 
I. — with ferric salts, in 171 «; with chromates, in 160 a; with iodic acid, in 
\ 571 c, d; with iodine, in 554 e; with sulphurous acid, in 894 o; with 
L Ibrricyamdes, in 633. Iodine solutions and pennanganatQ solutiuus are 
Oi^uickly decolored with precipitation of sulphur. 

The hydrogen of H,S takes oxygen readily ; the sulphur more slowly, ht 
t'tiie oxidation of metailic sulphides, generally, less sulphur is left unoxidized * 
Eitfaan occurs in the oxidation of hydrosulphuric acid — owing to the stronger 
ftendenoy to form sulphates. 

667. Solutions of metallic sulphides give precipitates with soluble salts of 
Bsooud and third group metala ; hydi-ogen sulphide, with salts of second 
group metals only. The precipitates are sulphides, except with chromium and 
aluminium ; reduction occurring with ferric and arsenic salts, which form ferrous 
and arsenious sulphides. The precipitates have strongly marked colOFB — that 
of zinc hBing whife ; those of iron, copper, and lead, Mack; arsenic, yellotti; 
antimony, orange-red; mercury, successively white, yellow, orange, and Hack. 

6CS. Solutions of nitro-ferrloyatddea (633) give, with soluble metallic sulphides (or 
with byclroEuliiharie acid after addition of an alkali, or with free sulphur after digesting 
with an alkali), an intense, rich purple color, disappearing after some time. Add a drop 
of the reagent, to a few drops of the solution, on a white porcelain surface. Vapors are 
tested for hydrosulphuric acid by enndacting them into ammoniaeal solutiou of Bodinm 
nitrofBrricyanide. (Vapors are terted for ammonia by passing them into solution of 
BitroferTioyanide with hydrosulphuric acid.) 

669. By ignition in the air, sulphur gives its characteristic odor of miiphuroua anhy- 



s anhydride; mostoCl 



iride (682), Man; of the sutphides yield n 
Uiem are also, partly or wliolly, conTerted to 

Wtien ignited on charcoal witbaodiiuncarbODSte — or {dislinctiim from atdphates) ^ 
ignited in a poreetain crucible with Eodium cnrbonate — solntile sodium »uiphidei a 
olituneiL TliQ pcoductiuu of the sodium sulphide is proved by the iladc stain, of AgaB 
foimed on metallic silver by e, moistened portion of the fused mass. (Compounds ol 
■^emum and tellurium, 4S9,) 
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610. EulphiiTic anhydilde, SOs, is a colcrloss, fibrous, or waxy solid, melting (wl 
twenl) at 25" C. (IT F.), boiling at 46' C. (115" F.), and vaporizing with heavy y 
times in the air at ordinary temperatures. It is very deliquescent, and ou contact w 
ntec combines rapidly, foiming sulphuric acid and much heat. 

671. Absolute sulphuric acid, H,SO„ is a colorless ajrupy liquid ; boilin 
tt 336" C. {(HO" F.) At temperatures above about KiO" C. {330° ¥.), 
vsporhtea from open vessels, slightly or abundautly, the vapors being whit^'1 
heavy and suffocating, exciting coughing without giving premonition by odofij 
At ordinary temperatures it is strictly non-volatile and inodorous. 

672. It is miscible with water in all proportions with production of heat jj| 
ilabatracts water from the air {use in desiccatoi-a) ; and quickly abstracts tin 
elements of water from many orgama compounds, and leaves their carbn 

» characteriatlo charring eifeet. It dissolves in alcohol, without decomposing itM 
— l)ut if in sufficient proportion producing ethyl sulphuric acid, HC^H^S 

873. Sulphuric acid transposex the salts of nearly all other acids, lorming 
sulphates, and, either acids {na hydrochloric acid, 505), or the products of their 
decomposition (as with chloric acid, 620). But salts of mercury, silver, tin, 
snd antimony, are with difficulty transposed by sulphuric acid. Also, at tem- 
pmlures above about 300° C. {or 600° F.), phosphoric and silicic acids (and 
olher acids not volatile at this temperature) transpose sulphates, with vaporiza- 
lion of sulphuric acid (compare 20), 

874. Sulphuric acid dissolves most metala ; though not quite so generally 
efficient for this purpose as hydrochloric or nitric acid. Diluted sulphurie 
aeid, when cold, dissolves — wilh evolution of hydrogen — magnesium, alumi- 
nium, Eino, iron, manganeee, and tin; and when heated, nickel, cobalt, and 
Mdmium (a). Concentrated sulphuric acid, by application of heat, dissolves 
~mth ei'olutian of sulphurous anliydride—cop-per, mercury, silver, bi»- 
lauth, and tin (S). {Compare 679.) 1 

a. Pe + H,BO, = PeSO. + 2H 
i. Ou + 2HjSO, = OnSO. + SHaO + BO. 
676. The metallic Sulphatea are freely soluble in water, except those of 
iwisn, lead, strontium (very sHfrhtly soluble), and calcium (sparingly sol- 
"Me). For specifications of the solubilities of the sulphates of barium, stron- 
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tium, and calcium, see 77 ; of lead, see 312. Silver sulphate requires about 
200 parts of cold or 100 parts of hot water for solution, and mercurous sul- 
phate is even more sparingly soluble. Bismuth, antimonious, and mercuric 
sulphates are soluble in acidulated water, but decomposed by pure water. The 
metallic sulphates are insoluble in alcohol (ammonium sulphate sparingly sol- 
uble in ordinary alcohol, very slightly in absolute alcohol). 

In analysis, barium sulphate is chiefly obtained (676,703). Alcohol is 
useful for separation of free sulphuric acid from its salts (678). 

Acid sulphates of the alkali bases are formed as crystallizable salt*. 
That of potassium, KHSO^, gives off sulphuric acid above about 200*^ C.(400° 
F.); or by greatly diluting its solutions. That of sodium, NaHSO^, is decom- 
posed at a lower temperature, and hardly exists at all in solution. Alcohol, 
added to solutions of the acid sulphates, precipitates the normal sulphates, sul- 
phuric acid remaining in solution : 

2EHSO4 = KaS04 -f H3SO4 

676. Sulphuric acid, or solutions of sulphates, on addition of solutions of 
barium salts, as BaCl,, or Ba(N'0,),, give a white precipitate of barium sul- 
phate, BaSO^; insoluble by hydrochloric or nitric acid. This insolubility is 
'ii distinction from all acids, except selenic and hydrofluosilicic. The preci- 
pitate, formed in cold solution, is so fine as to be difficult of removal by filtra- 
tion ; if formed in hot solution and then boiled, it is retained by a good filter. 
The full completion of the precipitate requires that the mixture should stand 
some time. In strongly acid solutions, a precipitate of BaClg, etc., may be 
obtained (see 84). A residue of sulf)hur may appear in this test, applied to 
thiosulphates (699). Solutions of lead salts give a white precipitate of lead 
sulphate, PbSO^ ; not transposed with acids, soluble in solution of potassium 
hydrate, in solutions not dilute, calcium salts give a white precipitate of 
calcium sulphate, CaSO^. 

677. Alcohol precipitates the sulphates from their moderately concentrated water 
solutions ; and its addition enables calcium chloride to precipitate the sulphate of calcium 
in very dilute solutions. 

The sulphates insoluble in water are decomposed for analysis — (1st) by long boiling 
with solution of alkali carbonate ; and more readily (2d) by fusion with an alkali cai^ 
bonate. In both cases, there are produced — ^alkali sulphates soluble in water, and ca/r- 
honates soluble by hydrochloric or nitric acid, after removing the sulphate (o). If the 
fusion be done on charcoal, more or less deoxidation will occur, reducing a part or the 
whole of the sulphate to sulphide (679), and the carbpnate to metal (as with lead, 822), or 
leaving the metal as a carbonate or oxide (652). 

a. BaS04 4~ NagCOs = NaaSOf (soluble in water) -\- BaOOs (soluble in acid). 

678. Free sulphuric acid may bo separated from sulphates (except ammonium sul- 
phate) by strong alcohol, solutions being first evaporated nearly to dryness on the water 
bath. — A test for free sulphuric a4)idy in distinction from sulphates^ may be made (in 

. accordance with 672), by the use of cane iogax, as follows ; A. little of the liquid to be 
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^Kdad is concentrated on tlie Tvater-bath; then from two to four drops of it are token on 
^Hnece of porcelain, witli a. smuJl fragment of wtiite sogar, and evaporated to dryness by 
^^B water-bath. A gnenhii-ilaek residue indicatHS sulphuric acid. (With ths same 
^^Bftineiit, hydrochloric acid gives a brownish-black, and nitric acid, a yellow-brown 
^^Edue.) A strip of white glazed paper, wet with the liquid tested, by iQiiiiereing it 
^^BkaI times at short intervals, then dried in the oven at lUO' C, will he colored biack, 
^^Bnni, or reddish, if the liquid contains as much as 0.2 per cent, of sulphuric acid. 
^■1.679. Sulphuric acid and its salta are very stable at ordinary temperatunie. They do 
^^RBit all act as reducing agents — solution of permanganate not being deeolored by sul* 
^^Kuic add; but at high lemp^alures, they are able to act as Oxidizing Agents to some 
^^p^t. (Further, Eee 819.) In the action of tnetala on hot concentrated sulphuric acid, 
^^K« are cases of reduction of the sulphuric to sulphvrous add, as stated i» (J74 h; and 
^^Ute action of ignited carbon, we have reduction of sulphates to sulphides, in fusion on 
^^nicoal, as follows : 

^F Na,30, + SO = Na,S + 200, 

680. It will be observed — sulphates fiued with sodium earlKmale on charcoal, leave a 
mass which contains sulphides, and, when moistened, stains matallio ailvsr (as stated in 
669); but. when fused with sodium carbonate (on porcelain) tmthout reducing agents, 
leave a moss which, when moistened, does not atain metallic silver (distinction from sul- 
piiide?). 

681, By heat alone, the sulphates of the metals of the alkalies and alkaline earths, 
and of lead, are not decomposed. Other sulphates suffer dissociation — some giving oft 
sulphuric anhydride ; others, sulphurous anhydride and oxygen : 



aPeSO, = Fe,0, + BO, + 
CuSO, = CoO + BO, + 



SULPHUROUS ACID. 



J 



682. SnlphnronH anhydride, SOg, is a colorless liquefiable gas, of a powerful, 
acteristic, suS'ociLtiug odor and eSect, that of burning sulphur. It bleaches litnius-pai 
It is not combustible in the air. It dissolves readily in water, doubtless as aulphi 
acid; the solution saturated at 15° C. (OO' F.), containing about 14 per cent, of the snl- 
phur dioxide ; an increase of temperature greatly decreasing its solubility. 

683. Atisolute sulphurous acid, H^BOs, is a solid at 0" C. (38" F.), resolved into H,0 
and BOs at temperatures much above the freezing point; but freely liqueSablowilh water 
at higher temperatures, as stilted in the preceding paragraph. It may be supposed tliat 
the solution, at ordinary temperatures, is a mixture of water ond HjBOg — a view resting 
on somewhat stronger support than we have for considering the solution of earbohio 
anhydnde to contain HsCOi. 

684. Solution of Sulphurous Aoid lii'st reddens litmus, and then 
bleaches it. It decomposes carbonates with effervescence. It has a strong 
odor from vaporization of sulphurous anhydride, which is soon completely ex. 
pelled on boiling. By exposure to air it is gradually oxidized to snlphurio aoid, 
from which it is seldom entirely free (691). 

fl85. Tlie Sulphites of the inetala of the alkalies are freely soluble in 
water; the normal sulphites of all other metals are insoluble, or but very i 
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slightly soluble in water. The sulphites of the metals of the alkaline earths, 
and some others, are soluble in solution of sulphurous acid — the solution being 
precipitated on boiling. The alkali bases form acid sulphites ("bisulphites"), 
which can be obtained in the solid state, but evolve sulphurous anhydride. 
The sulphites are insoluble in alcohol. 

In analysis, sulphites are recognized by the odor of the anhydride, liberated 
"fcy adding an acid (682). Also, by the reducing power (691) and by oxidation 
' to sulphate (690). Further as to separation, see 703. 

680. Solution of sulphurous acid (free from sulphuric acid) is but slightly 
precipitated by solutions of salts — owing to the solubility of sulphites in acids. 
See 19. 

Sulphites are decomposed hy all acids ; except carbonic and boracic, and, 
in some instances, hydrosulphuric. 

687. Solutionis of metallic sulphites are precipitated by the soluble salts 
of all metals except those of the alkalies. The precipitates, mostly white, are 
soluble in acetic acid ; also, except those of the first group metals, in hydro- 
chloric acid, and, so far as not oxidized to sulphates, in dilute nitric acid. But 
these precipitated sulphites are almost invariably accompanied by sulphates 
which are left undissolved by acids. 

688. Solution of lead acetate precipitates, from solutions of sulphites, 
lead sulphite, PbSOj, white, easily soluble in dilute nitric acid ; and not 
blackening when boiled (distinction from thiosulphate). Solution of silver 
nitrate gives a white precipitate of silver sulphite, Ag^SO,, easily soluble in 
very dilute nitric acid or in excess of alkaline sulphite, and turning dark-brown 
when boiled, by formation of metallic silver and sulphuric acid. Solution of 
mercuric chloride produces no change in the cold ; but on boiling, the white 
mercurous chloride is precipitated, with formation of sulphuric acid. Still fur- 
ther digestion, with sufficient sulphite, reduces the white mercurous chloride to 
gray metallic mercury (equation 362 b). 

689. Solution of ferric chloride gives a red solution of ferric sulphite, 
Pe5,(S03)3 ; or, in more concentrated solutions, a yellowish precipitate of basic 
ferric sulphite, also formed by addition of alcohol to the red solution. The 
red soiutiun is decolored on boiling ; the acid radical reducing the basic radi- 
cal, and forming ferrous sulphate. 

690. Solution of barium chloride gives a white precipitate of barium 
sulphite, BaSOj, easily soluble in dilute hydrochloric acid — distinction from 
sulphate, which is undissolved, and should be filtered out. Now, on adding to 
the filtrate nitrohydrochloric acid, a precipitate of barium sulphate is ob- 
tained — evidence that sulphite has been dissolved by the hydrochloric acid : 

BaSOs + 2HCla = BaCla -f H^SOs 

^ .Ola + HaSOa + 201 + HaO = BaSO* + 4HCa 

phate) 

bath.—. Sulphurous acid and sulphites are active Beducing Agents, by virtue 
,accordauo 



■?*■ 
.•I-. 
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of their capacity for oxidation to sulphuric acid and sulphates. See Oxida- 
tions, 818. Reduction by sulphurous acid is exemplified in the precipitations, 
given above, with silver and mercury, and with barium. Equations for other 
reductions are given, for ferric salts, 171 bj for chromic acid, 166 c; for 
iodine decoloration, 554 c ; and for iodic acid, 571 a and b, ^ 3^ =•• 

692. The reaction with iodic acid is employed as a test for sulphtirtAi': - 
acid (as well as for iodic). A mixture of iodic acid and starch is tamwl 
violet to blue by traces of sulphurous acid or sulphites in vapor or in soluti'<Wi'^ 
the color being destroyed by excess of the sulphurous acid or the sulphite. 

693. Notwithstanding this ready capacity for oxidation, sulphurous acid is 
capable of furnishipg oxygen, though its power in the latter office is narrowly 
limited. As an Oxidizing Agent, sulphurous acid changes stannous chloride 
to stannic sulphide (a) ; reacts with the nascent hydrogen furnished by zinc 
and dilute hydrochloric acid to form water and hydrosulphuric acid {jb) ; 
and with zinc alone (without other acid) dissolves the metal as thiosulphate 
without evolution of gas (<?). 

a. HaSO, + 8SnCl, + 6H01 = SSnCh + HaS + 3H3O 

= SnSa 4- 4HC1 

6. HaSOs + 3Zn + 6H01 = SZnCla + 3H3O + HaS 

c. 2Zn 4- 3H3SO3 = ZnSaOs + ZnSOs + 3HaO 

694. Thio sulphates are formed, also in reduction of sulphites, by continued 
boiling with sulphur (a), and in reduction of sulphurous acid with metallic 
super-sulphides in solution (b). Sulphurous acid with hydrosulphuric 
acid, both free, produce pentathionic acid (c), likewise a reduction of the sul- 
phurous acid. 

a. NaaSOs + S = NaaSaOs 

b. HaSO. + NaaSa = NaaSaOa + HaS 

e. SHaSO. + 5HaS = HStOt + 9HaO + 5S 

696. By heat alone, sulphites either split into oxides and sulphurous anhydride (a), 
or into sulphates and sulphides {b), 

a. OaSOs = CaO + SOa 

b. 4NaaSO, = 3NaaS04 + NaaS 



HaSO, 


+ 


SSnCl, 


SnCl4 


+ 


2HaS 


HaSOs 


+ 


3Zn 


2Zn 


+ 


3HaS03 
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Reactions of Vaporous Acids. 
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Thiosulpburic Acid. 



THIOSTJLPHimiC ACID (HYPOSUUHUEOUS ACID). 

697. This apid, HgBjOi, ia hardly known in the free state. When its salts, the KJe- 
tatUo Tbioinlphatea (or ■' hyposulphites"), aro decomposed by acids, the coustitiientB oJ ' 
thiosulphuric iicid are dissociated as sulphurous soid and aulphur. Nearly all acida ift 
this way decompose (hiosulphates: f 

Na,S,0, + 2H01 = SNaOl + H,80, + S 

The larger number of the thiosulphates (or hyposulphites) are aolublo in water; those 
of barium, leftd, and silyer, being only very sparingly soluble. The thiosulphutes are in- 
soluble in alcohol. They are decomposed, but not fully dissolved, by acids, the decom- 
position leaving a residue of sulphur. 

Ill analysli, thioaulpbatea arc distinguished by giving a precipitate of sulphur with 
evolution of sulphurous anhydride when their solutions are treated with hydrochloric acid 
(700) ; by their intense reducing power (TOl), shown in the bluckening of the itilver preci- 
pitate (600) ; and by non-precipitatioii of calcium salts. 

698. Alkali thiosulphato solutions dissolve the thiosulphates of lead, silver, and mer- 
cury ; also, the chloride, bromide, and iodide of silver, and morcurous chloride ; the iodide 
and sulphate of lead ; the sulphate of calcium, and some other precipitateii — by formation 
of solnble doable ihioaalpkatea : 

tAg,B,0. -I- NBiSiO, = SHaAg8,0. 
Or: AgjS.Oi + 3Na=S,0, = Na.Aga(9,Os)= 

AgOl 4- Nb,S,Os = NoAgS^O, + NaOl 

PbSO, -I- 3Na,S,0, = Ha.Fb(Sii02)3 -\- Na.SO. 

699. Barium chloride forms, in solutions of thinsulphates, a white pre- 
cipitate oibarium thiosvlphate, BaS^O,, nearly insdlnhla in water; dissolving 
in aoids, except the aulphur residue— Calcium chloride forms no precipitate 
(distinction from sulphite). — Solutions of Bilver nitrate (fi39), lead acetate, 
and mercuroua nitrate, form at first wMte precipitates of i/tiosu/ji/iates, solu- 
ble in excess of alkali thiosulphates, as stated in the preceding paragraph, 
TTiese white precipitates, by standing, or quickly hy warming, turn darker and 
finally black, by fur mat mi of sulphides, with sulphuric acid. ^h 



Ag,S,0, 


+ 


H,0 


= 


A5,S 


+ 


H,SO, 


PbB,0, 


+ 


H,0 


= 


PbS 


+ 


H.80. 



Solution of copper salts, with thiosulphates, on long standing, precipitate 
cuprous salt, changed by boiling to sulphide and sulphuric acid, as above. 
For the precipitation of sulphidps of arBcnio, antimony, and, in the cold, tin, 
see 463. 

700. The precipitation of sulphur with evolution of sulphurous anhy- 
dride, by addition of dilute acids — as hydrochloric or acetic — ia char- 
acteriatio of l hiosulphates. It will bo understood, however, that in pres- 
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ence of ox'ulizing agents, which can be brought into action by the acid, sul- 
phides will likewise give a precipitate of sulphur (666). 

701 Thiosulphates are Beducing Agents — even stronger and more active 
than the sulphites (691), to which they are so easily converted. This reduc- 
ing power — or capacity for taking metalloids or acid radicals into combination 
— is exemplified by the conversion of ferric salts into ferrous salts (171 c), 
and by the bleaching of iodine solutions (554 J), both of which changes are 
so sharply defined that they are useful in volumetric analysis. 

If the ferric solution be made red by addition of a few drops of sulphocyanate, the 
exact point of complete reduction is made obvious: while the inevitable color of free 
iodine is nearly sufficient to mark the point when loss of color shows that all the iodine 
has entered into combination, but the addition of starch-paste renders the indication more 
exact. In both these reactions, the oxidation of the thiosulphate changes it into a tetra- 
thionate, as Na3S408, or, in simpler terms, NaSaOs. Thus: 

CI + NaaSaO. = NaCl + NaSsOs 

In other changes, sulphuric acid is formed. By greater or less degrees of oxidation, 
thiosulphates reduce chromic acid to chromic salts ; permanganic acid, first to manga- 
nates (green), then to manganic salts; bromic and iodic acids first to bromine and iodine, 
and then, respectively, to hydrobromic and hydriodic acids ; nitric acid to nitrogen 
oxides ; and arsenic acid to arsenious compounds. 

702. On ignition, or by heat short of ignition, all thiosulphates are decomposed. 
Those of the alkali metals leave sulphates and polysulphides (a), others yield ^ sulphurous 
acid with sulphides, or sulphates, or both. The capacity of thiosulphates for rapid oxi- 
dation, renders their mixture with chlorates, nitrates, etc., explosive, in the dry way. 
Chlorates with hyposulphites, explode violently in the mortar (518). Cyanides and 
ferricyanides, fused with thiosulphates, form sulphocyanates, which may be dissolved by 
alcohol from other products. 

a. 4NaaSaOs = NaaSe + SNaaSOi 



703. THE SEPARATION of the acids of sulphur from each other, in 
most instances, is effected without difficulty. 

The insolubility of the barium precipitate in hydrochloric acid distinguishes 
and separates sulphates from sulphites and thiosulphates ; the chlorine treat- 
ment (690), precipitating hoth the latter in the filtrate. The non-precipitation 
of thiosulphates by calcic chloride (699), distinguishes and separates them 
from sulphites ; also, the precipitation of sulphur by hydrochloric apid (697) 
is a distinction. 

Precipitation by excess of silver nitrate approximately separates sulphites 
and thiosulphates from sulphates ; the solution of thiosulphate is distinguished 
by its redissolving the precipitate made by the first drop of silver nitrate solu- 
tion (699), and by the subsequent blackening of the precipitate. 

All compounds of sulphur, afler fasion with sodium carbonate on charcoal, 
^/i^^ ^ke Hack stain on silver, 669. Bw\. o^ VVi^^fe comi^ouuds, only the suV- 



phatesfail io give the black stftla after the fusion on porcelain in absence of a 
reducing iigeut, 680. 

The test for hydrosulpliuric aoid by the vapor evolved under action of a 
stronger acid, cannot be relied upon in preaence of aulphitea or thiosutphates 
{694). But the immediately black precipitate with silver salt; the non -pre- 
cipitation of allialine earth metals, and the precipitation of sulphur by chlorine 
distinguish sulphides and thiosulphates. 



I 

^^ 704. PHOSPHORUS is an easily fusible and volatile solid, having a charactei 
and disa^eeable odor. It exists ia different physical states or nllotropic modifications, 
but it is invariably more or leas rapidly oxidized in the air, though it does not decom- 
pose water. White phosphorus is luminous in the dark, and takes lire at a little above 
its melting point, 44* C. (Ill" F.); red pbosphonis tates fire at 266° 0. (500' F.) The 
. product is chiufly phosphoric anhydride, but some phosphorous anhydride is formed. 

7D5. When phosphorus is digested in warm solution of hydrate of potusinm or so- 
dium or in a misture of lime and water, three-fourths of Ihe pbosphonis dissolves as byix)- 
phosphite (KHsPOi). and one-fourth vaporizes as phosphorous hydride, PHj, each bubble 
of which takes firo as it enters the air. Thus : 






i 



SNaOH 



+ 4P 



1,0 = 3NaH,POi 



+ 



PH. 



80a(OH), -)- 8P 



aB.,0 



3CaH,{POa)s 



1 orthophospboric acid, slowly but completely, by diBcstion 
bromine, with water. In this manner the nnosidized jihos- 
phorus of iron ores, cast iron, and of organic bodies, is determined ; and this is one 
method of preparing pbarmaoopceiftl diluted phosphoric acid. Phospliorus nets vigor- 
ously as a radnoiiig agent, but in roost conditions with leas power than the metals ot the 
alkalies and nlkaliiio eartba. Vapor of phosphorus blackens solution of ailTsr nitrate: 
a delicate test made by digesting the material at 80° to 40" C, the vessel being covered 
with paper wet with the reagent. The blaekened paper is tested for phosphoric acid. 



r 



Phosphorus stands between nitrogen and ( 
Series, 584 

The most important Acids of Phosphorus ai 
acid, orthophospborio, HsP^'O 



1 the relations of the Nitrogei 



■responding to 3HgO.P,Oi. 



pyrophosphori 
metapbosphor 
Hypophospboroua acid, 



PHOSPHORIC ACID. 



I 



706. Phosphoric anhydride, PjOo, is a white, amorphous solid, fusible at a high tem- 
perature, and slowly volatile at a white heat without decomposition. It is deliquescent, 
combining with water with excessive avidity, and forming metaphosphoric aoid, mono- 
basic. The latter is not dehydrated by beat alone. 
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707. Orthophosphorio aoid, H1PO4, is a translucent, feebly crystallizable, and Teiy 
deliquescent soft solid ; reduced by heat first to pyrophosphoric acid, then to metaphoe- 
phoric acid, which is nearly non-volatile. 

Orthophosphorio acid is formed from phosphorus by oxidation in water, as stated in 
705 ; and from metaphosphoric acid or pyrophosphoric acid by digesting with dilute mine- 
ral acids, or even by long boiling in water, or, as sodium salt, by fusion with excess of 
sodium carbonate. 

Phosphoric acid is formed from metallic phosphates by transposition with acids in 
cases where a precipitate results, as a lead or barium phosphate with sulphuric acid, or 
silver phosphate with hydrochloric acid — 19 (2). But when the products are all soluble, 
as calcium phosphate with acetic acid or sodium phosphate with sulphuric acid, the trans- 
position is only partial; so that unmixed phosphoric acid is not obtained. A non-vola- 
tile acid like phosphoric, is not separated from liquid mixtures, as the volatile acids are, 
like hydrochloric. The change represented by equation (a) can be so verified that pure 
phosphoric acid will be separated, but the changes shown in equations (&) and (c) do not 
comprise the whole of the material taken. In the operation (6), some sodium phosphate 
and some nitric acid will be left, and in (c) some trihydrogen phosphate will no doubt be 
made. 

a. CaH4(P04)a + H3O3O4 = CaCsOi + 2H8PO4 

h. Na3HP04 + 2HNO3 = 2NaN03 + HsPOf 

And Na3HP04 + HNO, = NaNOs + NaH,P04 

c. 2CaHP04 + 2H01 = OaOla + OaH4(P04)t 

708. The Orthophosphates, dimetalUc and trimetalHcy are insoluble in 
water — except those of the metals of the ordinary alkalies. They are all, how- 
ever, more or less soluble in aqueous phosphoric acid by formation of mono- 
metallic salts, as CaH^(PO^),, having an acid reaction. Lithium phosphate is 
nearly insoluble in water. Phosphates are insoluble in alcohol. 

In analysis, the molybdate precipitate (714) is most distinctive. Separa- 
tion by the ferric phosphate precipitate in presence of acetic acid (247) is em- 
ployed. Separation from oxalate, as calcium precipitate, by acetic acid, is 
used in systematic qualitative work (710 and 801). Ignition test : see 717. 

709. Soluble salts of all metals, except those of the alkalies, precipi- 
tate solutions of ordinary phosphates (di metallic and trimetallic orthophos- 
phates). 

710. Soluble salts of the alkaline earth metals, with dimetallic alkali 
phosphates, as Wa^HPO^, form white precipitates of phosphates, two-thirds 
metallic, as CaHPO^ ; with trimetallic alkali phosphates, white precipitates 
of phosphates, normal or full metallic, as Cag(POj2. The precipitates are 
soluble in acetic acid, and in the stronger acids (707 c). Concerning the am- 
monium magnesium phosphate, see 117. 

711. Solutions of orthophosphates give, with soluble ferric, chromic, and 
aluminium salts, mostly the normal phosphates, Pe3(POj„ etc. The ferric 
phosphate is but slightly soluble in acetic acid, and for this reason it is made 
the means of separating phosphoric acid from metals of the earths and alkaline 
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earths (247). Solatinn of sodium or potassium acetate is added; and if Om^ 
reaction ia not markedly acid, it ia made so by addition of Acetic Acid. Fbit 
chloride (if not present) is uow added, drop by drop, avoiding an excess. 
precipitate, ferric phosphttte, ia brownish-white. 

With zinc and niangannus salts, the precipitate is dinietallic or normal — " 
ZilHFO,, or Zn,{rO,),— according to the conditions of precipitation. Man. 
gaoic salts give a colored solution, ns explained in 214. With salts of nickel, 
a light green normal phosphate is formed ; with cobalt, a reddish normal pho»- _ 
phate. 

712. Silver salts precipitate normal siVuer^/iOap/ja/e.Ag.PO,, light yellow; 
floluble in acetic and nitric acids and in ammonium hydrate. The color of th{ 
ri/fer^recyjiVfl/e distinguishes ortho- from pyro-phosphoric acid. Lead salt^ 
precipitate mostly Pb,{PO,),, but slightly soluble in acetic acid. Bismutld 
salts form BiPO,, peculiar in being insoluble in dilute nitric acid. Coppt 
forms a bluish-white precipitate, either normal or two-thirds metallic, Mer j 
cnrous salts precipitate rtiercurovs phoxphate, Hg,{PO,)„ white, i 
nitrate (not the chloride) precipitates mercuric phosphate, Hg,(POj,, white. 

713. If a disodium or dipotasaium ortbophosphateisaddedtoaolntioD of silver nitrate J 
free acid is formed, and an acid reaction to test-paper is induced (a). But with a 
dinni or tripntflssiam phosphate, tlie solution remains neutral (i) — a menus of distinguish- - 
ing the add pkosphalen from the nomial. 



t. 



3Na,HPO, 


+ 6AgMO. 


= SAg^PO. 


+ HsPO. 


+ ONaNO 


Na,PO, 


+ 3AgNO= 


= AgsPO, 


-1- 3NaNO, 





a\A. Ammomiun Molybdate, iii its nitric acid solution (494), furnishcs- 
B exceedingly delicate test for phosphoric acid, giving the palo yellow precipi- 
tate, termed ammonium phosphomolyidate. The molybdate should be in 
excess, therefore it is better to add a little of the solution tested (which must 
be neutral or acid) to the reagent, taking a half to one cub. cent, of the latter 
in a test-tube. For the full delicacy of the test, it should be set aside, at 30° ' 
to 40° C, for several hours, 

715. Free ortho phosphoric acid ia not precipitated by ordinary salts of 
third and fourth group metals (in instance of ferric chloride, a distinction from 
pyrophosphorio acid and metaphosp boric acid),* but ia precipitated in part by 



• Agolll^in^co^tammgBp. P./CTTiccWwi-ie, imsedKilhonc-fonnhitflvoliimo oC a 10 p. 0. Bolntion- 
of ortJt^jp/iwp/ioj'ic acid, reqalrua tbat near half of iha Ifitter be nt^iiLrulli^d (no ttaat phosphate In to pboH- 
phmic acidss I.IU is to 1.000) before prcclpltatlun Dccun. Od the other hand! c. c. of a 5 p. c. ■olii- 
Uon of tenic chloride, mixed with [ c. c. of a e p o. EolDlion of melaphoBplieiic acid, form B precipitate, to < 
dinotve which SO c. c. of the eame znelaphosphoric acid Bolotion or B c. c. of a 34 p. 0. Bolnllon of hrdro. 
Gbloric acid arc required. Four c. c, of a S p. c. eolntion of lilrer nitralt with 1 c. c. of a 10 p. c. aoliitinn 
of ort^t^)hi)*pht>Tie Bcid eItb a precipllalB. to disaolTB which regnlree 7 e. c. of the Mme orlhophoBphoric 
■cid solntJoD. [The Aatbor'a report of wDTkb; Mr. HoreBD,Jni. Jimr.rhar..ii-'ilX.VS7ii),:ai-] 



208 P TR OP HO 8P HA TES — MeTAPHOSPHA TES. 

silver nitrate, and lead nitrate and acetate. Ammoniacal solution of cal- 
oiuni chloride or of barium chloride precipitates ive(^ orthophosphoric acid, 

716. Ortiiophosphoric acid — or an orthophosphate with acetic acid — does 
not coagulate egg albumen or gelatine. This is a distinction of both ortho- 
phosphoric acid and pyrophosphoric acidy*rom metaphospTioric acid, 

717. Ignition with metaUio magnesium (or sodium) reduces phosphorus from phos- 
phates to magnesium phofiphide^ recrognized by odor of PHs, formed on contact of the 
phosphide with water. A bit of magnesium wire (or of sodium) is covered with the pre- 
viously ignited and powdered substance in a glass tube of the thickness of a straw, and 
heated. If any combination of phosphoric acid is present, vivid incandescence will occur, 
and a black mass will be left. The latter, crushed and wet with water, gives the odor of 
phosphorous hydride. 

718. PYROPHOSPHATES are precipitated from their solutions by 
silver nitrate, as silver pyrophosphate^ Ag^P^O,, whitCy soluble in ammonium 
hydrate and in nitric acid. 

The pyrophosphates of the alkaline earth metals are difficultly soluble in 
acetic acid. The most of the pyrophosphates of the heavy metals, except 
silver, are soluble in solutions of alkali pyrophosphates, as double pyrophos- 
phates soluble in water (distinctions from orthophosphates). 

Ammonium molybdate reacts but slowly with pyrophosphate solutions — 
and not until orthophosphate is formed by digestion with the nitric acid of 
the reagent solution. 

Magnesium salts with ammonium hydrate give a precipitate of double 
pyrophosphate, soluble in alkali pyrophosphate solution. 

Free pyrophosphoric acid gives precipitates with solutions of silver nitrate, 
lead nitrate or acetate, and ferric chloride ; no precipitates with barium or 
calcium chloride, or with magnesium or ferrous sulphate. (Further, see 715.) 

719. METAPHOSPHATES are especially distinguished, by the means 
mentioned in 715 and 716. Also, they are not precipitated by solutions of 

• magnesium salts with ammonium hydrate, unless very concentrated, or by the 
molybdate solution. The silver precipitate, AgPO,, white, is soluble in alkali 
metaphosphate solutions, distinction from pyrophosphates. 

Free metaphosphoric acid precipitates solutions of silver nitrate, lead 
nitrate, and lead acetate, the precipitates being insoluble in excess of metaphos- 
phoric acid, and soluble in moderately dilute nitric acid. Barium, calcium, 
and ferrous chlorides, and magnesium, aluminium and ferrous sulphates, are not 
precipitated by free metaphosphoric acid. Ferric chloride is precipitated, a 
distinction from orthophosphoric acid. See 715. 

There are various polymeric modifications of metaphosphoric acid, distinguished from 
each other chiefly by physical differences of the acids and their salts. Pure metaphos- 
phoric acid is a white, viscid, or waxy solid. (Ordinary glacial phosphoric acid owes its 
hardness to the universal presence of sodium metaphosphate.) 
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Fusion with excess of sodium carbonate converts both metaphosphates and pyrophos- 
phates to normal orthophosphate. 




720. Reactions of Snlpliltirio, Phosphozio, and ^Oxalic Acids. ^ 



As Acids. 



Metallic Salts: 
(Compare 80.) 



H3SO4. 

Yaporizea at 64(y P. 

Precipitates the same as me- 
tallic stUphates. 

Chars organic matter (672), 



H8PO4 



Vaporizes dowly when ig- 
nited. 



Does not precipitate salts 
ft' 



of the 'stronger acids 



Sulphates. 



Precipitate Fb, Ba, Sr, 
and Oa, (676). 



Precipitations most 
used in analysis : 



Precipitates : 



Fused with KasOOs 
on charcoal : 



HtSO^, concentrated, 
with neat : 



X90ra07 + HaS04 



BaS04 
PbS04 



Not caustic. 



Phosphates. 



Precipitate non-alkali salts 
(708). 



Vaporizes with decompos4- r" 
mn at about 830** F. ^ ; / . 

Pre<Apitaies chlorides^ ni- 
trides, and sulphates, 
only partly or not at au, 
Pi'ectpUates acetates, 19. 

Not catistic, but poisorujus. 



Oxalates. 



Precipitate most non-alkali 
salts (656). 



I 






6 ' i ';.«s 



ot dissolyed by acids.. 



First Ka«S04, then KasS 
(680). 



]fffirNH4F04 (117). 
rea(P04)a (711). 
0aHP04 or 0aa(P04)a. 



Dissolved by acetic acid, 
except Pe, etc. (S47). 



(Na8P04). 



CaOa04 (107). 
AirsOa04(658c). 



^/ 



h 



Transposed by hydro- 
chloric, not by acetic 
acid (655). 

Carbonates. 



Effervescence of OOa-fOO 
(663). 



Reduced. 



Reduced. 
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HYPOPHOSPHOBOUS ACID. 

721. Absolute hypophosphorous acid, HsPOa, is a colorless, ^Hd liquid ; miscible 
with water, and gradually oxidizing in the air to phosphoric and |l^phorous acids. It 
reduces silver and mercury from their salts. It is reduced by hydrogen, as generated by 
zinc and sulphuric acid, to phosphorous hydride, PH3. 

722. H3rpopho8phite8 are prepared according to 705. They are transposed by most 
of the ordinary acids, but if nitric acid be employed, oxidized products of hypophosphor- 
ous acid are obtained. Even sulphuric acid oxidizes hypophosphorous acid to some 
extent. 

723. The hypophosphites are all soluble in water. Alcohol dissolves the 
hypophosphites of the alkali metals, not those of the alkaline earth metals. 

For identification, the ignition test (725), is among the most characteristic. 

724. Although hypophosphites are not precipitable by transposition, they 
cause numerous precipitates by Reduction, eagerly taking oxygen (or other 
electro-negatives in presence of water) to form phosphates. Mercuric chloride 
gives first a white precipitate of mercurous chloride, then a gray one of mer- 
cury. Silver nitrate gives a brown-black precipitate of silver, white before 
complete reduction. The reactions of hypophosphites as reducing agents are 
given in 816. With copper salts, the reduction of metallic copper is effected 
by boiling in strong solution of potassium or sodium hydrate, phosphite being 
first and chiefly formed, so that this is a distinction of hypophosphites from 
phosphites. By boiling in a concentrated solution of potassium hydrate, 
hypophosphites decompose water, liberating hydrogen and forming phosphates. 
In this test, a piece of solid potassium hydrate is added. With solution of 
barium hydrate, the formation of free hydrogen proceeds slowly, and some 
phosphite is produced. The reaction of zinc and dilute sulphuric acid 
(721), giving phosphorous hydride in Marsh's apparatus, is characteristic for 
hypophosphites and phosphites. Hypophosphites are distinguished from 
phosphites — by giving no precipitates in solutions of baric or calcic salts (non- 
alkali phosphites being mostly insoluble in water), also by reducing copper in 
a boiling solution of cupric sulphate. 

725. On ignition, hypophosphites decompose with explosive deflagration 
of phosphorous hydride, and formation of pyrophosphates : 

20aH4(P03)!i = Oa^PaOT + H3O + 2PHi 



BOBIC OR BORACTEC ACID. 

726. BORON is an infusible, non-volatile solid, existing in different allotropic con- 
ditions. Amorphous boron takes fire at about 300* C, and bums in the air to borado 
cmh^dridej B'^'aOs, the only known oxide of boron. Boron is not obtained in the ele- 
mental state by ordinary analytical operations. 

727s Boric anhydride, BaOs, forms several acids, that obtained in crystals being 



BoHic Acid. 



lOi. known as orthoboric acid. At 100° C, this is concerted to metaboric 
Ignition of the acid leaves the ritreous anhydride. Numerous polymeric 
taboratea aro known. Both anhydride and acid ara soluble in water aud iu alcohol. 
e solutions redden litmus, and turn turmeriu paper bruwnish-red — this color becom- 
g intense when the paper is dried. 

I 738. The Borates of llie metala of the alkalies are soluble in water; 

e of the other uietuls are Insoluble in water, but in geni.ial are made aolu- 

|t by free boric acid. They are all. nearly or quite insoluble in alcohol. 

: identified especially by the green color they impart to flames 

I, 733). 

729. Silver nitrate forms, in solutions of scid borates, a w hite precipitate 
^tilcer boruk, AgBO,, but normal borates form m part siher oxide, brown. 

;s a white precipitate of lead borate, Pb(BO,), ; caldum 
chloride, in solutions not very dilute, a white piecipitate of calcium borate; 
and barium ohloride, in solutions not dilute, a white precipitate of barium 
borate, Ba(BO,)j. With aliunimiim salts, the precipitate is aluminium 
hydrate. 

730. Borates are transposed with formation of boracic acici, by all ordinary 
acids — in some conditions even by carboiiio acid; the transposition being 
partial when soluble products result, aa with phosphoric acid, 707. 

Tbe liberated boracic acid is dissolved by alcohol, and if the alcoliol solifcj 
tion be sot on fire, it burns with a nreen jlame. 

731. A solution of a borate, acidulated with hydrochloric acid to a barelj 
perceptible acid reaction, imparts to a slip of turmerio paper half wet wit 
a dark-red color, which on drying intensifies to a characteristic red color. 

732. The reaction given in 748 may be employed as a. test, in the d 
way, for boron— taking caleiimi fluoride as a reagent. 

Borates fused in the inner fifow-jOi^e /cijie with potassium acid siilphaS 
give the green color to the outer flame. 

if a crystal of boric acid, or a solid residue of borate previously t 
with sulphuric acid, on a porcelain surface, is played upou by the flame « 
Bunscn's Bui-ner, the green flame of boron is obtained. 

733. If a powdered borate (previously calcined), is moistened with soj 



phurie a 
Blyoerino a 



not interfe 
vlouslj „, 



id heated on platinum wire to expel the acid, then moistened wIm 

id burned ; the green flame appears with great distinctness.* 

■riite is only ignited, then allowed to burn by itself. Barium does 

(being held as sulphate, non-volatile) ; copper should be pre. 

iTed in the wet way. The glycerine flame gives the spectrum. 

ne testfl, boric acid must be liberated. 

734. Borates (fused on platinum wire with sodium carbonate) give a ohar- 

acteristic spectrum of fonr lines, equidistant from each other, nnd extending 

from Ba y in the green to Sr tf in the blue. 

• M. W. Ileb. Amertatii Chtmiti (1S76), p. Ml, 
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SILICIC Acm. 

735. Silicon is a solid, existing in different allotropic states ; difficulty 
fusible, and more or less easily oxidizablo by the air at high temperatures, or 
by oxidizing solvents, to silioic anhydride or acid. The latter is not dei 
dized by any ordinary blow-pipe operations, 

738. Silioio Anhydride, or silica, Si""0„ is a stable, non-volatile, iniiui- 
solid; insoluble in water or acids, soluble in fixed alkali hydrate solutions, 
by formation of silicates. These are formed as normal salts, quadribasic; 
metaaalta, dibasic; and in many other proportions of haae and acid. 

SiO, + 4KOH = K.SiO. + 2H,0 

737. Of the Silioatea, only those of potassium and sodium are soluble it 
water. The solutions of alkali silicates somewhat resemble, in the nature of 

lir union, the alkaline solutions of zinc, aluminium, and lead. These silicates 
solution are decomposed hy all acids, including carbonic, with separation 
oi silicic acid, H,SiO,, gelatinous. Silicic acid is soluble, ailicic anhydride 
insoluble, in the luiueral acids. Some of the insoluble silicates are also dis- 
solved by sulphuric and by hydrochloric acid, with separation of gelatinous 
sUioic acid. Other silicates are dissolved by these acids, when heated in closed 
tubes at about 300° C. Soluble silicates precipitate, from salts of nou-alkaU 
metals, silicates insoluble in water, but mostly soluble in acids. 

Silicates ai-e determined, qualitatively or quantitatively, by the separation 
of the anhydride, 738. 

738. Silicic acid is obtained as H,SIO,, H,SiO,, and other hydrates of 
810,. It is decomposed by evaporation to dryness, with a residue of silica, 
Insoluble in acids. — Hence, when an alkali silicate is acidulated {with hydro- 
chloric or nitric acid), and evaporated strictly to dryness on the water-bath, 
and again treated with water and the same acid, the silica is left behind insolu. 
ble. This ijehavior is eharacteriatie for silicic acid, and serves for its upara- 
tion as well as detection. 

The formation of the alkali silicate, from silica or an insoluble silicate, as 
the first step in this operation, is generally obtained in the dry way, by fusion, 
with three or four parts of mixed carbonatae of sodium and potassium in a 
porcelain crucible. (These carbonates, mixed in about molecular proportions, 
fuse at a much lower temperature than either alone.) — Also, the soluble sili- 
cates may be formed by boiling with solution of potassium hydrate nr sodium 
hydrate, as stated in 736 ; the operation being performed in a silver or plati* 
nom vessel. Silica dissolves, with more or less readiness, in boiling solution 
of potassium or saiJium carbonate. 

Silica is not soluble in ammomum hydrate, and the salts of ammonium 
separate gelatinous silica from solutions of potassium or sodium silicate. 
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I Therefore, in operatiiig with these solutions, silica is precipitated with the 
bases of the third group ; 

K.SiO. + 4NH,C1 + 4H,0 = H.BiO, + 4KC1 + 4NHi6h 

73S. In the fused bead of microcosmic salt, particlea of silica swim undis- 
solved. If II silicjite be taken, its base will, in most cases, be dissolved out, 
leaving a " skeleton of silica " uodissolvod in the liquid bead. — But with a 
bead of sodium carbonate, silica (and most silicates) fuse to a clear glass of 
silicate. 

For the reactions of silica with fluorides, see 741. 

740. Silica in separated from the fixed alkalies in natural silicates, by mixing the 
latter in fine powder with tlireo parts of preeipitated calcium carbonate, and one-half part 
of ammonium chloride, and heating in a platinum crucible to redness for half an hour, 
avoiding too high a heat. On digeeting in hot water, the solution contains all the alkali 
metals, as chlorides, with calcium chloride and hydrate. [J, Lawrence Sjqth.] 



741. FIiUORINE, in several charactoristjcs, appears as the first member of ths'l 
Ohlorine Series of BIam«iita (500). It cannot be preserved in the elemental state, as 
it combines with the materials of vessels (except fluor-spar), and instantly decomposes 
water, forming hydrofiwirie acid, HP, an acid prepared by acting on calcium fluoride 
with sidphuric acid (a). Fluorine also combines with siUcon as SlFi, sMam fluoride, 
& gaseous compound, prepared hy acting on calcium fluoride and silicic anhydride with 
Buiphuric acid (b). On pasnng silicon flnoride into water, a part of it is transposed 
with the water, formiLig silicic acid and hydrofluoric acid (c); but this hydroflnoric acid 
does not at all remain free, hut combines with the other part of the fluoride of silicon, as 
hydrofluogitiHc aeid, (HF)jSiPi, or HiBiPo (li). This acid is used as a reagent; form- 
ing metallic silico-fluorides, soluble and insoluble (749). 



^B^ 



OaF, -\- E,90, = OaSO, 



-f 


SiO, 


+ SH,80, 


= 


20aS0. 


+ 3H,0 + 


-1- 


3H,0 


= SiO, 


+ 


4HP(no 


t remaining free). 






2HP 


+ 


SIP. 


= H,S1P, 


+ 


2H,0 


= BiO, 


+ 


SHgSlP. 





HTDBOrLUOBIC ACID. 



742. A colorless, intensely corrosive gas, soluble in water to a liqnid that reddena 
litmus, rapidly eorrodiis glass, porcelain, and the metals, except platinum and gold (lead 
but slightly). Both the solution and its vapor act on the flesh as an insidious and Tim- 
lent caustic, giving little warning, and causing obstinate ulcers. 

743. The PlnorideB of the alkali metals are freely Bolublo in water, the solutions 
alkaline to litmus and slightly corrosive tn glass; thefluoridesof the alkaline earth metals 
are insoluble in water; of copper, lead, siuo, and ferricum, sparingly soluble ; of silver 
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and mercury readily soluble. Fluorides are identified by the action of the acidnpon* 
glass (745). y^^ .:. V 7 . .. 

744. Calcium chloride solution forms, in solution of fluorides or of hydrofluoric add, 
a gelatinous and transparent precipitate of calcium fluoride, CaFs, slightly soluhle in 
cold hydrochloric or nitric acid and in ammonium chloride solution. Barium chl ori d a 
precipitates, from free hydrofluoric acid less perfectly than from fluorides, the yoluminooS) 
white, barium fluoride^ BaFa. Silver nitrate gives no precipitate. 

745. Sulphuric acid transposes with fluorides, forming hydrofluoric add, HF, (741 
a). The gas is distinguished from other substances by etching ha/rd glass — ^previously 
prepared by coating imperviously with (melted) wax, and writing through the coat. The 
operation may be conducted in a small leaden tray, or cup formed of sheet lead: the pul- 
verized fluoride being mixed with sulphuric acid to the consistence of paste. 

746. If the fluoride be mixed with silicic acid, we have, instead of hydrofluoric acid, 
silicon fluoride, SiFi (741 b) ; a gas which does not attack glass, but when passed into 
water produces hydrofluosilicic acid, HgSiFe (741 c, d) (749).* 

747. Also, heated with acid sulphate of potassium, in the dry way, fluorides disen- 
gage hydrofluoric acid. If this operation be performed in a small test-tube, the surface 
of the glass above the material is corroded and roughened: 



OaPa + 2KHS04 = QaSO* + KjSO* + 

748. Byjieating a mixture of borax, acid sulphatp of potassium, and a fluoride, fused 
to a bead on the loop of platinum wire, in the clear flame of the Bunsen gas-lamp, fm 
evanescent yellowish-green color is imparted to the flame. 

749. HYDROFLUOSILICIO ACID, (HF)3SiF4, or HaSiFs, prepared as directed 
in the note to 746, forms metallic silicofluorides, mostly soluble in water; those of barium, 
sodium, and potassium, being only slightly soluble in water, and made quite insoluble by 
addition of alcohol (compare 92). The silicofluorides are precipitated translucent and 
gelatinous. With concentrated sulphuric acid, they disengage hydrofluoric, acid. 
By heat, they are resolved into fluorides and silicon fluoride : as, BaFi -{- SiF4. 



ACETIC ACID. 

750. Absolute acetic acid, H(C^H30J, is a transparent solid, melting at 
about 16° C. (61° F.), boiling at 119° C. (246° F.) It vaporizes gradually 
from its water solutions at ordinary temperatures ; more rapidly as they are 
stronger, the vapor having the characteristic odor of vinegar. 

751. The salts of acetic acid — the metallic Acetates — are all 'soluble in 
water ; argentic and mercurous acetates but sparingly soluble. Most of the 



* Hydrofluosilicic acid is directed to be prepared by taking one part aadJL of fine nbd and finely-pow- 
dered fluor-spar, with six to eight parts of concentrated snlpharic acid^B ^ niMBvtoiieware bottle or a ^ass 
flask, provided with a wide delivery-tabe, dipping into a little mercatj In a small pofeelaixi capsule, which is 
set in a large beaker, containing six or eight parts of water. The ai o ne w are bottle or ilask is set in a small 
sand-bath, with the sand piled about it, as high as the material, and gently heated from a lamp. Each 
bubble of gas decomposes with deposition of gelatinous silicic hydrate. When the water is filled with this 
deposit, it may be separated by straining through cloth and again treating with the gas for greater concen- 
tralioD. The utrained liquid is finally filtered and pteaetved. lot \xafc. 



Tabtarw a cid. 



acetates, except mercuroQs and silver acetates, dissolve in alcohol. They 
a slight odor of the acid. For identification, the odor of the acid, and of 
ether (754), and the color of the ferric solution {753J, are employed. Ignitit 
tests, 756. 

762. The stronger mineral acids transpose with acetates, forming acetic 
acid. S'lJid acetates, with concentrated sulphuric acid, evolve strong acetous 
vapor J but if the heat ia somewhat: increased, the mixture blackens from sepa- 
ratioa of carbon (672), and at higher temperatures sulphurous and earboiii< 
anhydrides are evolved. 

763, Solution of ferric chloride forms, with solutions of acetates, 
solution containing yerrj'c acetate, Fe,(C,H,Oj)„ which on boiling precipitates 
brownish-red, basic ferric acetate. The red solution is not decolored by 
solution of mercuric chloride (distinction from sulphocjanate) ; but is decolored 
by strong acidulation with sulphuric acid or hydrochloric acid (distinction from, 
sulphocyanate and from meconatc). The ferric acetate is precipitated by alk; 
hydi'ates. 

754. If acetic acid or an acetate is warmed with sulpliiiric aoid and 
little alcohol, the characteristic pungent and fragrant odor of ethyl acetai 
or acetic ether is obtained : 



H,0 



C,H:,(0,E 



H(C,H,0,) + OiHiOH = 

755. Acetic acid does not act as a Eeducing Agent as readily 
of the organic carbon compouDds. It reduces permanganates and chromateff 
hut slowly, even in boiling solution; reduces auric chloride only in alkaline 
solution, and does not reduce alkaline copper solution. It takes chlorine into 
combination — slowly in ordinary light, quickly in sunlight, forming chioracetio 

756. By ignition alone, acetates blacken, with evolution of vapor of acetori 
C,HjO, infl:uiiniable and of an agreeable odor. By prolonged ignition of a 
tates in the air, carbonates are obtained free from charcoal. — By ignition w 
alkali hydrates in dry mixture, marsh-gas, CH,, ia evolved.. — By ignition wit| 
alkalies and arsenioua anhydride, the offensive vapor of cacodyl-oxide | 
obtained (383). 
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TAETAEIC ACID. 

- 767. Tartaric acid, H,C,H:,0,, is a colorless, oryaCallizable, non-volatilj 
solid, freely soluble in water, and in alcohol. It may be separated from bass 
by adding sulphuric acid and alcohol. 

The Tartrates of the allialj bases are solnble in water ; the normal tai 
trates being freely soluVile, the acid tartrates of potassium a 
sparingly soluble (41 and 01), The tartrates of the alkaline earth b 
of the DOQ-alkali bases, are insoluble or sparingly soluble, but mostly dissolvti 



216 Citric Acid. 

hi solution of tartaric acid. Most of the tartrates are insoluble* in alec" 
There are double tartrates of heavy metals with alkali metals, which dissoj 
in water. 

Hydrochloric, nitric, and sulphuric acids transpose the tartrates (wheth€ 
forming solutions or not). Most of the tartrates are also dissolved (and, if al- 
ready dissolved, are not precipitated) by the alkali hydrates, owing to the 
formation of soluble double tartrates (133). 

The potassium acid tartrate, precipitated with help of alcohol, and the sil- 
ver reduction, are of greatest analytical interest. 

758. Solution of caloimn hydrate, added to alkaline reaction, precipitates 
from cold solution of tartaric acid, or of soluble tartrates, calcium tartrate^ 
white, Ca(C^H^Oj. Solution of calcium chloride with neutral tartrates, gives 
the same precipitate. Solution of calcium sulphate forms a precipitate but 
slowly, or not at all (distinction from racemic acid). The precipitate of cal- 
cium tartrate is soluble in cold solution of potassium hydrate, precipitated 
gelatinous on boiling, and again made soluble on cooling (distinctions from 
citrate), and dissolves in acetic acid (distinction from oxalate). 

759. Silver nitrate precipitates, from solutions of normal tartrates, silver 
tartrate^ AQ^{CJ3.p^, white, becoming black when boiled. Jf the precipitate 
is filtered, washed, dissolved from the filter by dilute ammonium hydrate into 
a clean test-tube, left for a quarter of an hour on the water-bath, the silver is 
reduced as a mirror coating on the glass (340), distinction from citric acid. 
Free tartaric acid does not reduce silver salts. Permanganate is reduced 
quickly by alkaline solution of tartrates (distinction from citrates), precipitat- 
ing manganese dioxide, brown. Free tartaric acid acts but slowly on the per- 
manganate. Alkaline copper tartrate resists reduction in boiling solution. 
Chromates are reduced by tartaric acid, the solution turning green. The 
oxidized products, both with permanganate and chromate, are formic acid, 
carbonic anhydride, and water. 

760. On ignition, tartaric acid or tartrates evolve the odor of burnt sugar^ 
separating ca't -W7i, and becoming finally converted to carbonates. — Strong 
stQphuric acid also blackens tartrates, on warming. Melted potassium 
hydrate, below ignition, produces acetate and oxalate. 



CITRIC ACID. 

■ 761. Citric acid, H8(C6H607), is a colorless, crystallizable, non- volatile solid; freely 
soluble in water and in alcohol. 

The Citrates of the metals of the alkalies are freely soluble in water; those of iron 
and copper are moderately soluble ; those of the alkaline earth metals insoluble. There 
are many soluble double citrates formed by action of alkali citrates upon precipitated 
citrates, or of alkali hydrates upon metallic salts in presence of citric acid : see 133. In 
diBtinction from tartrates, the solubility of the potassium salts (764) ; non-precipitation 
of calcium salt in cold solution; and weaker reducing action, are to be noted. 
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'762. Solution of calcium hydrate in excess (as by dropping the solution tested into 
jagent) gives no precipitate with citric acid or citrates in the cold (distinction from 
-•caric acid), but on heating, the white, ccUcivm citrate, Oa3(06H607)2, is precipitated 
lOt soluble in cold potassium hydrate solution). By filtering before boiling, the tartrate 
ad citrate may be approximately separated. Calcium chloride also gives the same pre- 
cipitate after boiling. Calcium citrate is soluble in acetic acid (distinction from oxalates). 

763. Solution of lead acetate precipitates white, lead citrate, Pb3(06H607)2, soluble 
in ammonia. Silver nitrate gives a white precipitate of silver citrate, Ag8(C6H60T), 
which does not blacken on boiling (distinction from tartrate). 

764. One part of citric acid dissolved in 1:wo parts of water, and treated with a solu- 
tion of one part of potassium acetate in two parts of water, should remain clear after 
addition of an equal volume of strong alcohol (absence of oxalic acid and of tartaric acid 
and its isomers). 

765. Citric acid does not act very readily as a reducing agent; does not reduce «|,lka- 
line copper solution, or silver solution, or permanganate but very slowly. Concentrated 
nitric acid produces from it, acetic and oxalic acids ; and digestion with manganese diox- 
ide decomposes it, with formation of acetone, acrylic, and acetic acids. Citrates car- 
bonize on ignition, with various empyreumatic products, and with final formation of car- 
bonates. By fused potassium hydrate, short of ignition, they are decomposed with pro- 
duction of oxalate and acetate. 



PART III. 



SYSTEMATIC EXAMINATIONS. 



SEPABATION OF THE AdDS FBOM THE BASES. 

766. The preliminary examination of the Solid Material in the dry way 

will give indications drawing attention to certain acids. Solutions can be 
evaporated to obtain a residue for this examination (12). Thus, detonation 
(not the decrepitation caused by water in crystals) indicates chlorates, ni- 
trates, bromates, iodates. Explosion or deflagration will occur if these, or 
other oxygen-furnishing salts — as permanganates, chromates — are in mixture 
with easily combustible matter (518). Hypophosphites, heated alone, defla- 
grate intensely (725). A brownish-yellow vapor indicates nitrates or nitrites 
(602) ; a green flame, borates (730). — ^The odor of burning sulphur: sul- 
phides, sulphites, thiosulphates, or free sulphur. The separation of carbon 
black : an organic acid (645). The formation of a silver stain : a sulphur 
compound (680). 

767. When dissolving a solid by acids for work in the wet way, indica- 
tions of the more volatile acids will be obtained. Sudden effervescence : a 
carbonate (oxalate or cyanate) (648, 649). Greenish-yellow vapors: a 
chlorate (520). Brownish-yelloto, chlor-nitrous vapors on addition of hydro- 
chloric acid : a nitrate. — The characteristic odors : salts of hydrosulphuric 
acid, sulphurous acid, hydrobromic acid, hydriodic acid, hydrocyanic acid, 
acetic acid. — The separation of sulphur : a higher sulphide, etc. It will be 
remembered that chlorine results from action of manganese dioxide, and nume- 
rous oxidizing agents, upon hydrochloric acid. 

768. If the Material is in Solution, the bases will be first determined. 
(Certain volatile acids will be detected in the first group acidulation — by indi- 
cations mentioned in the preceding paragraph.) Now, it should first be con- 
sidered, what acids can be present in solution with the bases found? Thus, 
if barium be among the bases, we need not look for sulphuric acid nor, in a 
solution not acid, for phosphoric acid. 

769. As a general rule, the non-alkali metals must be removed from a 
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) Liquids. 



I -Solution before testing it for acida, unless it can be clearly seen that they will 
Out interfere with the tests to be made. 

Metals need to be removed : because, firstly, in the testing for acids by 
precipitation, a precipitate may be obtained from the action of the reagent on 
the base of the solution tested, thus : if the solution contain silver, we cannot 
test it for sulphuric acid by use of barium chloride (and we are restricted lo 
■use of barium nitrate). And, secondly, in testing for acids by transposition 
with a stronger acid — the preliminary examination for acids — certain bases do 
not permit trans positi.oii. Thus, chlorides, etc., of lead, silver, mercury, tin, 
and antimony, and sulphide of arsenic, are not transposed by sulphuric acid, or 
not promptly. 

770, If neither arsenic nor antimony is among the bases, they may all be 
removed (c) by boiling with slight excess of sodium or potassium carbonate, 
and filtering. Arsenic and antimony, and all other bases of the second group, 
may be removed (h) by boiling with hydroBulphuric acid, and filtering. 
When the bases are removed by sodium or potassium carbonate, the filtrate 
must he exactly nevtralized by nitric acid, with the expulsion of oU carbonic 
acid by boiling. Then, for nitric acid, the original substance may be tested. 

The filtrate, from the third or fourth group, though free from all bases 
which need to be removed, is not suitable material for general tests for acida ; 
because it is loaded with ammonium salts, which act as solvents on many of 
the precipitates to be obtained. 

771, The separation of Phosphorio acid from bases is a part of the work 
of the third group of metals, and is explained in 246 and 247. The removal 
of Boraoio acid. Oxalic acid, Silioio acid, is described in 249, 

The non-volatile Cyanogen acids can be separated from bases by digest, 
ing with potassium or sodium hydrate (not too strong, 624), adding potassium 
or sodium carbonate and digesting, and then filtering. The residue is examined 
for bases, by the usual systematic process. The solution {617 c) will contain 
the alkali salts of the cyanogen acids, and may contain metals whose hydrates 
or carbonates are soluble in fixed alkali hydrates. 



COHVEESIOW OF SOLIDS INTO LIQUIDS. ^ 

772. Before the fluid reagents can be applied, solids must be reduced to 
liquids. To obtain a complete solution, the following steps must be observed : 

First. The solid, reduced to a fine powdet, is boiled in ten times its quan- 
tity of water. Should a residue remain, it is allowed to subside, and the clear 
liquid poured off or separated by filtration. A drop or tvjo evaporated on 
glass, or clean and bright platinum foil, will give a residue, if any portion haa 
dissolved. If a solution is obtained, the residue, if any, is exhausted, and well 
washed with hot water. 
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Second, The residue, insoluble in water, is digested some time with hot 
hydrochloric acid. (Observe 767.) The solid, if any remain, is separated 
by filtration, and washed, first with a little of this acid, then with water. The 
solution, with the washings, is reserved. 

Third. The well- washed residue is next digested with hot nitric add. 
Observe if there are vapors of nitrogen oxides, indicating that a metal or other 
body is being oxidized (590). Observe if sulphur separates, (464). If any 
residue remains, it is separated by filtration and washing, first with a little 
acid, then with water, and the solution reserved. 

Fourth, Should a residue remain, it is to be digested with nitro-hydrch 
chloric acid, as directed for the other solvents. 

The acid solutions are to be evaporated nearly to dryness, and then redis. 
solved in water, acidulating, if necessary, to keep the substance in solution. 

Fifth, Should the substance under examination prove insoluble in acids, 
it is lilcely to be either a sulphate (of barium, strontium, or lead) ; a chloride, 
or bromide, of silver or lead ; a silicate or fluoride — perhaps decomposed by 
sulphuric acid — (737) ; and it must he fused with a fixed alkali carhonaie, 
when the constituents are transposed in such manner as to render them solu- 
ble. The watery solution of the fused mass will be found to contain the acid; 
the residue, insoluble in water, the metal, now soluble in hydrochloric or 
nitric acids (compare 677). 

if more than one solution is obtained, by the several trials with solvents, 
the material contains more than, one compound, and the solutions, as separated 
by filtration, should be preserved separately, as above directed, and analyzed 
separately. The separate results^ in many cases, indicate the original com- 
bination of each metal. 

CONVERSION OF SOLUTIONS INTO SOLIDS : Before solids in 
solution can be subjected to preliminary examination — either for metals or for 
acids — ^they must be obtained in the solid state. This is done by evaporation 
(see 12). 

REMOVAL OP ORGANIC SUBSTANCES. 

773. The methods of inorganic analysis do not provide against interference by organic 
compounds ; and, in general, it is impossible to conduct inorganic analysis in material 
containing organic bodies. The removal of the latter can be effected, 1st, by combustion 
at a red or white heat, with or without oxidizing reagents; 2d (in part), by oxidation with 
potassium chlorate and hydrochloric acid on the water-bath; 8d, by oxidation with nitric 
acid in presence of sulphuric acid, at a final temperature of the boiling point of the lat- 
ter; 4th, by solvents of certain classes of organic substances; 5th, by Dialysis. These 
operations are conducted as follows : 

774. Combustion at a red or white Tieaty of course, excludes analysis for mercury, 
arsenious and antimonious bodies (except as provided in 425) and ammonium. The last- 

named constituent can be identifiled irom a pottioii ot the material in presence of the 
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I organic matter (68 end 585). If chlorides are present, iron will be lost at temperatures 
much above 100° C., and potaasinm and sodium waste notably at a white heat, and slightly 
at a full red heat. Catkin acids will be expelled, and oxidi/tng agents reduced. 

The material is thoroughly dried and then heated, in a porcelain or platinum crucibls, 
at first gently. It will blacken, by separation of the carbon of the organic compounds. 
Tbe ignition is continued untO the blacli color of the carbon has disappeared. In special 
cases of analysis, it is only necessary to char the material: then pulverixe it, digest with 
the suitable solvents and filter; but this method does not give assurance of full separa- 
■ Hon ol all substances. Complete combustion, without use of osidlzing agents, is the way 
inost secure against loss, and entailing least change of the material; it is, however, some- 
' times very slow. The operation may be hastened, with osidation of all materials, by 
addiHon of nitrie add, or of ammonium nitrate. The material is first fully charred : then 
allowed to cool till the finger can bo held on the cmeible; enough nitric acid to moisten 
the mass ia dropped from a glass rod upon it, the lid put on, and the heat of the water- 
bath continued until the mass is dry, when it may be very gradually raised to full heat. 
This addition may be repeated as necessary. The ammonium nitrate may be added, as a 
solid, in the same way. 

716. Oxidation with poiatsium eMorate and JiydroehloriE add on (he v^ater-baih does 
not wholly remove organic matter, but so far disintegrates and changes it that the filtrate 
■will give tbe group precipitates, pure enough for moat tests. It does not vaporize any 
bases but ammonium, but of course osidizes or chlorinates all constituents. It is es{ie- 
cially applicable to viscid liquids ; it may be followed by evaporation to dryness and igni- 
tion, according to 774. 

The material with about an equal portion of hydrochloric acid is warmed on the water- 
bath, and a minute portion of potassium chlorate is added at short intervals, stirring with 
a glass rod. This is until V\u: mixture is wholly decolored and dissolved. It is then eva- 
porated to remove chlorine, diluted and filtered. If potassium and chlorine are to he 
tested for, another portion may bo treated vrith nitric acid, on the water-bath. The or- 
ganic matter left from the action of the chlorine or the nitric acid maybe sufficient to 
prevent the precipitation of aluminium and chromium in the third group of bases; so that 
a portion must be ignited. As to tti^eniu and antimony, see 435. 

776. The action of sulphurie with nitric acid at a gradually inennaing heat, leaves 
behind all the metals (not ammonium), with some loss of merciiry and arsenic (and 
iron?) it chlorides are present in considerable quantity. In this, as in the operations be- 
fore-mentioned, volatile acids are lost — sulphides partly oxidized to sulphates, etc. 

The substance is placed in a tubulated retart, with about four parts of concentrated 

, sulphuric acid, and gently heated until dissolved or mixed. A funnel is now placed in 

the tubule, and nitric acid added in small portions gradually raising the heat, for about 

half an hour— so as to expel the chlorine, and not vaporize chlorides. The material is 

(now transferred to a platinum dish, and heated until the aulphuric acid btffins to vaporise. 
Then add small portions of nitric acid, at intervals, until the liqnid ceases to darken by 
digestion, after a portion of nitric acid is expelled. Finally, evaporate off the sulphuric 
acid, using the lowest possible heat at the close. 

777. The solvents VMdaKtMafiY ether for fatty matter. BXiA alcohol or ether or both 
anooessively, for resins. Instead of either of these, benzene may be used ; and many fata 
and some resins may be dissolved in petroleum naphtha. It will be observed, that ether 
dissolves some metallic chlorides, and that alcohol dissolves various metallic salts. Before 
the use of either of these solvents upon solid material, it should be thoroughly dried and 
pulverized. Fatty matter suspended in water solutions, may bo approximately removed 
by filtering through wet. close Alters; also, by shaking with ether or benzene, and decant- 
ing the solvent after its separati 



J 
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778. By DiaJysiSf the larger part of any ordinary inorganic substance can be ex- 
tracted in approximate purity from the greater number of organic substances in water 
solution. The degree of purity of the separated substance depends upon the kind of 
organic material. Thus, albuminoid compounds are almost fully rejected; but saccharine 
compounds pass through the membrane quite as freely as some metallic salts. (Consult 
Watts' Dictionary, II., 816; III., 715.) 



FBEIiIMIirABY EXAMINATIOIT OF SOLIDS. 

779. Before proceeding to the analysis of a substance in the wet way, a 
careful study should usually be made of the reactions which the substance 
undergoes in the solid state, when subjected to a high heat, either alone or in 
the presence of certain reagents, before the blow-pipe, or in the flame of the 
Bunsen Burner. This examination in the dry way precedes that in the wet, and 
should be carried on systematically, following the plan laid down in the 
Tables, and noting carefully every change which the substance under investiga- 
tion undergoes, and if necessary making reference to some of the standard 
works on Blow-pipe Analysis. In order to understand fully the nature of 
these reactions, the student should first acquaint himself with the character of 
the different parts of the flame, and the use of the blow-pipe in producing the 
reducing and oxidizing flame. 

780. The flame of the candle^ or of the gas-jet^ burning under ordinary 
circumstances, consists of three distinct parts : a dark nucleus or zone in the 
centre, surrounding the wick, consisting of unburnt gas — a luminous cone sur- 
rounding this nucleus, consisting of the gases in a state of incomplete combus- 
tion. Exterior to this is a thin, non-luminous envelope, where, with a full 
supply of oxygen, complete combustion is taking place: here, we find the 
hottest part of the flame. The non-luminous or outer part is called the oxi- 
dizing flame ; the luminous part, consisting of carbon and unconsumed hydro- 
carbons, is called the reducing flame. 

781. The flame produced hy the Blow-pipe is divided into two parts — the 
oxidizing flame, where there is an excess of oxygen corresponding to the outer 
zone of the candle-flame, and the reducing flame, where there is an excess of 
carbon, corresponding to the inner zone of the candle-flame. Upon the 
student's skill in producing these flames, depends very largely the results in 
the use of the blow-pipe. 

In order to produce a good oxidizing flame, the jet of the blow-pipe is 
placed just within the flame, and a moderate blast applied — the air being 
thoroughly mixed with the gas, the inner blue flame, corresponding to the 
exterior part of the candle-flame, is produced : the hottest and most effective 
part is just before the apex of the blue cone, where combustion is most com- 
jolete. 
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The reducing flame is produned by placing the blow-pipe just at the edgfe 
of the fiame, a lii.tle above the elit, and directing the blast of air a little higher 
than for the oxidizing flame. The fliime assumes the shiipe of a noii-liiminouB 
cone, Kurrounded by a pale-bliie mantle; the most active part of the flame is 
somewhat beyond the apex of the luminous cone, 

782. The blast with the blow-pipe is not produced by the lunga, but by 
the action of the muscles of the cheek alone. In order to obtain a better 
knowledge of the management of the flame, and to practise in producing a good 
reducing fiame, it is well to fuse a small grain of metallic tin upon charcoal, 
and raising to a high heat endeavor to prevent its oxidation, and keep its surface 
bright; or better, perhaps, to dissolve a speck of manganese dioxide in the 
borax bead on platinum wire — the bead becoming amethyst-red in the outer 
flame and colorless in the reducing flame. The beginner should work only 
with substances of a known composition, and not attempt the analysis of 
unknown complex substances, until he has made himself perfectly familiar 
■with the reactions of at least the more frequently occurring elements. 

The amount of substance taken for .■iualysis should not be too large; a 
quantity of about the bulk of a mustard-seed being, in most cases, quite 
sufficient. 

The physical properties of the substance under examination are to be first 
noted — such aa color, structure, odor, lustre, density, etc. 

^K Heating in Glass Tnbe Closed at One End, 

^V 783. The substance, in fragments or in the form of a powder, is introduced 
into a small glass tube, sealed at one end, or into a small matrass, and heat 
applied gently, gradually raising it to redness, if necessary with the aid of Ihe 
blow-pipe. When the substance is in the form of a powder it is more easily 
introduced into the tube by placing the powder in a narrow strip of paper, 
folded lengthwise in the shape of a trough ; the paper is now inserted into the 
tube held horizontally, the whole brought to a vertical position, and the paper 
withdrawn ; in this way the powder is all depoLited at the bottom of the tube. 
By this treatment in the glass tube, we are first to notice whether the substance 
undergoes a change, and whether this change occurs with or without decom- 
position. The sublimates; which may be formed in the upper part of the tube, 
are especially to be noted. Escaping gases or vapors should be tested as to 
their alkalinity or acidity, by small strips .of red and blue litmus inserted in 

rneck of the tube. ■ 

Heat in Glass Tube Open at Both Ends. fl 

784. The substance is inserted into a glass tube from two to three inches 
long, abnut one inch from the end — at which point a bend is sometimes made ; 
heat is applied gently at first, the force of th« aiv-(suvten.t^'a&\\i%v'osci'il^''i«. 
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tube being regulated by inclining the tube at different angles. Many sub- 
stances undergoing no change in the closed tube, absorb oxygen, and yield 
volatile acids or metallic oxides. As in the previous case, the nature of the 
sublimate and the odor of the escaping gas are particularly to be noted. The 
reaction of sulphur, arsenic, antimony, and selenium, are very characteristic; 
these metals, if present, are generally easily detected in this way. 

Heat in the Blow-pipe Flaine on Charcoal 

785. For this test, a well-burned piece of charcoal is selected, and a small 
cavity made in that side of the coal showing the annual rings ; a small frag- 
ment of the substance is placed in the cavity, and, if the substance be a powder, 
it may be moistened with a drop of water. The coal is held horizontally, and 
the flame made to play upon the assay at an angle of about twenty-five 
degrees. The substance is brought to a moderate heat, and finally to intense 
ignition. Any escaping gases are to be tested for their odor ; the change of 
color which the substance undergoes, and the nature and color of the coating 
which may form near the assay, are also to be carefully noted. Some sub- 
stances, as lead, may be detected at once by the nature of the coating. 

Ignition of the Substance previously Moistened with a Drop of Cobalt 

Nitrate. 

786. This test may be effected either by heating on charcoal, in the loop 
of platinum wire, or in the platinum-pointed forceps. A portion of the sub- 
stance is moistened with a drop of the reagent, and exposed to the action of the 
outer flame. When the substance is in fragments, and porous enough to absorb 
the cobalt solution, it may be held in the platinum-pointed forceps, and ignited. 
The color is to be noted after fusion. This test is rather limited ; Aluminium, 
Zinc, and Magnesium, giving the most characteristic reactions. 

Fusion with Sodium Carbonate on Charcoal. 

787. The powdered substance to be tested is mixed with the Soda in the 
palm of the hand, moistened and placed in the cavity of the coal. Some sub- 
stances form, with soda at a high heat, fusible compounds —others infusible. 
Many bodies, as silicates, require fusion with alkali carbonate before they can 
be tested in the wet way. Many metallic oxides are reduced to metal, form- 
ing globules, which may be easily detected. 

When this test is applied for the detection of sulphates and sulphides, the 
flame of the alcohol-lamp is to be substituted for that of the gas-flame, as the 
latter generally contains sulphur compounds. 

Examination of the Color which may be imparted to the Outer Flame. 

788. In this way, many substances may be definitely detected. The test 
majr he applied either on charcoal or on the loop of platinum wire — ^preferably 
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in the latter way. When the substance will admit, a small fragment is placed 
in the loop of the platinum wire, or held in the platinuni-pointed forceps, and 
the point of the blue flame directed upon it. If the substance is a powder, it 
may be made into a paste with a drop of water, and placed in the cavity of the 
charcoal, the flame being directed horizontally across the coal. The color 
which the substance imparts to the outer flame in either case is noted. In 
most cases the flame of the Bunsen Burner alone will suffice ; the substance 
being heated in the loop of platinum wire — which, in all cases, should be first 
dipped in hydrochloric acid, and ignited, in order to secure against the presence 
of foreign substances. Those salts which are more volatile at the temperature 
of the flame, as a rule give the most intense coloration. When two or more 
substances are found together, it is sometimes the case that one of them masks 
the color of all the others — the bright yellow flame of Sodium, when present in 
excess, generally veiling the flame of the other elements. In order to obviate 
this, Bunsen has furnished us a method,* by the use of colored media (stained 
glasses, indigo solution, etc.) The appearance of the flame of various bodies, 
when viewed through these media, enables us often to detect very small quan- 
tities of them in the presence of large quantities of other substances. 

Treatment of the Substance with Borax, and Microcosmic Salt. 

789. This is best eflected in the loop of platinum wire. This is heated 
and dipped into the borax or salt of phosphorus, and heated to a colorless 
bead; a small quantity of the substance under examination is now. brought in 
contact with the hot bead, and heated, in both the oxidizing and reducing 
flames. Any reaction which takes place during the heating must be noticed ; 
most of the metallic oxides are dissolved in the bead, and form a colored 
glass, the color of which is to be observed, both while hot and cold. The color 
of the bead varies in intensity, according to the amount of the substance used ; 
a very small quantity will, in most cases, suffice. Certain bodies, as the alka- 
line earths, dissolve in borax, forming beads which, up to a certain degree of 
saturation, are clear. When these beads are brought into the reducing flame, 
and an intermittent blast used, they become opaque. This operation is called 

flaming. 

As reducing agent*, certain metals are employed in the bead of borax or 
salt of phosphorus. For this purpose, Tin is generally chosen — Lead and 
Silver being taken, in some cases. These metals cannot be used in the loop of 
platinum wire, as they will alloy the platinum. The beads are first formed in 
the loop of wire; then, while hot, shaken off into a porcelain dish, several being 
so obtained. A number of these are now taken on charcoal, and fused into a 



♦ For a full account of the method of analysis by flame reactions and colored media, suggested by Cakt- 
MBLL ; and by films on porcelain, as developed by Bunsbn ; consult Watts' IHct,, Ist Supplement, p. 125 ; 
also Iiattner'8 Manual, Blow-pipe Anal.t Bichter, N. Y. 
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large bead, which is charged with the substance to be tested, and then with the 
tin, or other metal. For this purpose tin foil (or lead foil) is previously cut in 
strips half an inch wide, and the strips rolled into rods. The end of the rod is 
touched to the hot bead, to obtain as much of the metal as required. Lead 
may be added as precipitated lead ("proof-lead"), and silver as precipitated 
silver. By aid of tin in the bead, cuprous oxide, ferrous oxide, and metallic 
antimony are obtained, and other reductions effected, as directed in 791 and 
elsewhere. 
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Systematic Blow- Pipe Analysis. 



791. SCHEME OF BLOW-FIFE ANALYSIS. 

ABBANOED BY FBOF. T. EGLESTON.* 

The substance may contain — ^As, Sb, S, Se, Fe, Mn, Cu, Co, BTijPb, 
Bi, Ag, Au, Hg, Zn, Cd, Sn, CI, Br, I, CO,, SiO„ N,0„ H,0. 

1. Treat on Ch.f in the O.F. to find volatile substances; such as As, Sb, 
S, Se, Fb, Bi, Cd, etc. 



a. If there are volatile substances 
present, form a coating and test it 
with S.Ph. and tin on Ch. for Sb 
(789), or to distinguish between Fb 
and Bi (298). 



J. If there are no volatile sub- 
stances present, divide a part of the 
substance into three portions, and 
proceed as in A. 



a. Yellow coat, yielding with S.Ph. a black bead; disappearing with blue 
flame ; no part of it yielding greenish Sb flame : Fb and Bi. 

/J. Yellow coat, generally with white border, yielding black or *]^ay bead with 
S.Ph., disappearing with blue flame ; also the border, disappearing with 
greenish flame : Fb and Sb. 

y. Yellow coat, very similar to /?, but yielding no blue flame : Bi and Sb. 

2. If As, Sb, S, Se, are present, roast a large quantity thoroughly on Ch., 
until no odor of arsenic, or sulphurous acid, is given off*. Divide the sub- 
stance into three portions, and proceed as in A. 

A. Treatment of the First Fortion. — Dissolve a very small quantity in 
borax on platinum wire in the O.F., and observe the colbr produced. 
Various colors will be formed by the combination of the oxides. Saturate 
the bead, and shake it off" into the porcelain dish. Repeat this once or 
twice. 

a* Treat these beads on Ch. with a small piece of lead, silver, or gold, in a 

strong R.F. 

» »'• 

S. Fe, Mn, Co, etc., remain in the bead. If the bead spreads out on the Ch., 
it must be collected to a globule by continued blowing. Make a borax 
bead on platinum wire, and dissolve in it some of the fragments of the 
bead, reserving the rest for accidents. 



* Amer, CJiem.^ n., 883. 

t Ch., charcoal ; O.F., oxidizing flame ; R.F., redncing flame ; S.Ph., salt of phosphoras or microcoe- 
mic salt. 
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. Ni, Cu, Ag, Au, Sn, Pb, Bi are reduced and collected by the lead button 
(Sn, Pb, Bi, if present, partly volatilize). Remove the lead button from 
the bead while hot, or by breaking the latter when cold, on the anvil be- 
tween paper, carefully preserving all the fragments. 

I, If Co is present, the bead will be blue. If a large amount of Fe is present, 
add a little borax to prove the presence or absence of Co. If Mn is 
present, the bead, when treated on platinum wire in the O.F., will become 
dark violet or black. 

. If only Fe and Mn with no Co are present, the bead will be almost color- 
less. Look, here, for Cr, Ti, JMEo, U, W, V, Ta, by the wet way. 

. Treat the button c on Ch., in the O.F., until all the lead, etc., is driven off; 
Ni, Cu, Ag, Au, remaining behind ; or separate the lead with boracic 
acid. 

Treat the residue g on Ch. in O.F. with S.Ph. bead, removing the button 
while the bead is hot. 

, If Ni and Cu are present, the bead will be green when cold. If Ni only, 
yellow ; if Cu only, blue. Prove Cu by treating with tin on Ch. in the 
R.F. 

For Ag and Au make the special test. 

, Treatment of the Second Portion. — Drive off all the volatile substances 
in the O.F. on Ch. Treat with the R.F., or mix with soda and then treat 
with the R.F. for Zn, Cd, Sn. If a white coating is formed, test with 
cobalt solution (786). 

Treatment of the Third Portion. — Dissolve some of the substance in 
S.Ph. on platinum wire in O.F., observing whether SiO, is present or not, 
and test for Mn with potassium nitrate. 

Test for As with soda on Ch. in the R.F., or with dry soda in closed tube 
(382). 

Dissolve in soda on platinum wire in the O.F. (if the substance is not me- 
tallic and does not contain any S) and test for Sb on Ch. with tin in the 
R.F. (789). 

Test for Se on Ch. (499). 

In absence of Se, fuse with soda in the R.F., and test for S on silver foil 
(669). In presence of Se test for S in open tube (662) to distinguish 
between S and SO^. 



234 Systematic Blow-Pipe Analysis. 

7. Test for Hg with dry soda in a closed tube (363). 

8. Mix some of the substance with assay lead and borax-glass and fuse on Ch. \ 

in the R.F. Cupel the lead button for Ag. Test with nitric acid for 
Au (477). 

9. Test for CI, Br, and I, with a bead of S.Ph., saturated with oxide of copper 

(516). With Br, the flame is blue with green tint; with I, the flame is 
green. 

10. Test for CI, or Br, with acid sulphate of potassium. 

11. Test for H^O, in a closed tube. 

12. Test on platinum wire, or in platinum pointed forceps, for coloration in the 

flame (790, VI.) 

13. Test for CO, with HCl. 

14. Test for N^O, with acid sulphate of potassium 

15. Test for Te in an open tube (499) 
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Bases: Group III. 
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Bases : Group IV. 
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PART IV. 



OXIDATION. 



BY OTIS COE JOHNSON, M.A. 



806. In this part is described the oxidizing and reducing action of the 
lowing substances upon each other : 



811. 


H,C,0, 


827. 


I 


843. 


As'" 


812. 


H,CO, 


828. 


HI 


844. 


Afl^ 


813. 


JbLNO, 


829. 


HK), 

f 


845. 


Bi" 


814. 


UNO^ 


830. 


HCy 


846. 


Cu" 


815. 


H3PO, 


831. 


HOyS 


847. 


Mn" 


816. 


H3PO, 


832. 


H.PeCy. 


848. 


Mn"" 


817. 


H,S 


833. 


H3PeCy. 


849. 


Mn^^ 


818. 


H,S03 


834. 


Pb" 


850. 


Co' 


819. 


H,SO, 


835. 


-p^nn 


851. 


Co" 


820. 


CI 


836. 


Ag' 


852. 


-Ni" 


821. 


HCl 


837. 


Hg' 


853. 


m'" 


822. 


HCIO 


838. 


Hg" 


854. 


Pe" 


823. 


HCIO3 


839. 


Sn" 


855. 


Pe'" 


824. 


Br 


840. 


Sn'"' 


856. 


Cr'" 


825. 


HBr 


841. 


Sb'" 


857. 


Cr^ 


826. 


HBrO, 


842. 


Sb^ 
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In this list the acids are arranged in order of the atomic \velj;ht uf the 
iemcnt, which suffers oxidation or reduction, in each. The bases are arranged 
I accordance wilh the usual analytical grouping. In all cases, to avoid repe- 
)tlon, the action of any substance is given upon those which follow it and 
•ver upon those which precede it in the list. To express the bonds of the 
Ases accents are eniployed, and the action stated is true of all salts, oxides, or 
lydrates of the metal having the stated number of bonds. 

S07. NEGATIVE BONDS. I am compelled to use the word bond in a 
J^tw perhaps original ; at any rate 1 give to this word an additional meaning 
^Bfaly diiFerent from that of all authors heretofore. By the iond of an ele- 
^Hpi is meant, the amount of oxidation it is capable of sustaining. A bond, 
^B^ may be defined as oxidizing force, and when an element has no oxidizing 
^^M or power, it has 710 bonds, and when its only capacity is that of a re- 
^HinO agent, its bonds are represented by a negative number. 
^BbOS. The bonds of an element may always be ascertained with certainty 
^Kone or more of the following rules: 

^Hlst. Hydrogen, in combination, has always one bond, and it is always 
Hjltive (H'). 
^VSd. Oxygen always has two bonds, and they are always negative (or 

pi") <o-"). 

3d. Free elements have no bonds ; thus, metallic lead (Pb°). 
4th. The sum of the bonds ol^any compound is always equal to zero. 
Thus, H'N"^'Oj~"='' ; that is, the H has one positive bond, the N five positive 
bonds, and each atom of O has two negative bonds, and -the three atoms have 
six negative bonds — six positive bonds added to six negative bonds equal zero, 
hi the same way, H'Cl'-^O -"'=", H/'S '"■"O -"'"=■', H,"'P^-^0 -'^"==<', 
Bft"0,-""H,+"=", Fej^'O-^H/^'^", Ba"H,+""P,+"0„-^'^=°. 

5th. Acid radicals arc always negative. HTO ""=", or H'(IO,)-'=o, 
Pb T,*''0,~*"='', or Pb,'"{BO,),~'"^°. The bonds of the radical being equal 
to the number of atoms of hydrogen with which it is capable of combining, 

6th. Metals in combination are usually positive. The moat prominent ex- 
ceptions are their compounds with hydrogen, 8b~"'H, "*■'", Aa~"'Hj*"'. 

e09. An oxidizing agent is one that can increase the number of bonds of 
some other substance. 

A reducing agentis one that can diminish the number of bonds of some 
Otber substance. 

Hence oxidation of one substance mtisl involve the reduction of some other. 
The number of bonds gained by one are lost by the other. 

The real bonds are transferred from the oxidizing to the reducing agent. 



SPb + Cr,01. + 52naU + 8H5O 



J 



252 Rule for Wrttinq Equations. 

it can be proven that the ten bonds lost by the lead chromate are transfern 
to the zinc. 

810. From these principles is derived a rule for writing equations, by J 
which every equation involving oxidation may be balanced almost at a glance, 
if we know the products formed. The rule is : The number of bone 
changed in one molecule of each shows how many molecules* of the] 
other must be taken, the words each and other referring respectively to ox- 
idizing and reducing agent. A few equations will illustrate : 

2HN08 + 3HaSO, = 8H2SO4 + 2NO + HjO 

The nitrogen in HNO3 has five bonds, and in NO it has two, losing three; 
therefore, three molecules of H^SO^ must be taken. The sulphur in H,SO, has: 
four bonds, and in H^SO^ it has six, gaining two ; therefore, two molecules of 
HNO3 must be taken. Again : 

3Sn* + 4HNO, = 3SnOa + 4NO + 2HaO 

The Sn gains four bonds (free elements having no bonds), hence four molecules 
of HNO3 must be taken, and the N of the HNO3 losing three bonds, three of 
Sn must be taken. 

6Sb + lOHNO, = SSbaOft + lONO + 5HaO 

Here the rule calls for three of Sb and five of HNO3 ; but since the product, 
Sb^Og, cannot be written with an odd number of atoms of antimony, we must 
double the number of each, and, instead of three and five, take six and ten. 

8H3S + 8HNOs = 3HaS04 + 8NO + 4H3O 

Here the sulphur in H^S has — 2 (minus two) bonds, and in H^SO^ it has -j-6, 
so it has gained eight bonds ; hence we must take eight molecules of HNO,, and 

we take three of H S because the nitrogen loses three bonds. 

■ ■ ^v, 

SSbaSs + 28HNOs = SSbaOs + GHaSO* + 28NO + 5H,0 

In this equation both the sulphur and the antimony of the Sb S are oxidized, 
each atom of sulphur gains eight bonds (as explained above), and the three atoms 
will gain twenty-four bonds. Each atom of antimony gains two bonds, the two 
atoms gaining four bonds ; these added to the twenty-four bonds gained by the 
sulphur make twenty-eight (that is, one molecule of Sb^S, gains twenty-eight 
bonds) ; hence we must take twenty-eight molecules of HNO„ also three of 
Sb^S,, because the nitrogen loses three bonds. 



* In case of free elements, to avoid complexity, atoms are represented as mdecnles. 
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HIO, + SHaSOs = 3HaS04 + HI 

In this the rule calls for two of HIOj and six of H^SO^ ; but we take one and 
three, \vhich are in the same proportion. The rule gives proportional numbers 
only. 

3Pb + 2+6HNO, = 3Pb(N08)a + 2NO + 4HaO 

Here the rule requires two of HMTO,, and shows that just two are reduced to 
NO; but in order to make a solution of lead nitrate six more must be added, 
which are not reduced, 

SNaHaPOa + THNOs = SNaNOa + SH^PO* + 4NO + 2HaO 

Here the phosphorus gains four bonds and four of HNO3 are reduced to NO ; 
but three more are required to liberate the hypophosphorous acid from 
SNaHjPO, ; hence we take seven in all. 

AsH, + 6AgNOs + 3HaO = 6Ag + HaAsOa + eHNOs 

The arsenic in AsH, has — 3 bonds, and in HjAsO, it has -|-3; the gain is 
six ; therefore, take six of AgNOg. 

SKNOa + 8A1 + 6KOH + 2HaO = 3NH, + 4K2Ala04 

The nitrogen in NH3 has — 3 bonds, having lost eight ; therefore, take eight 
of Al ; and as the Al gains three, take three molecules of KNO3. 



OXALIC ACID. 

811. a. The carbon in oxalic acid (HjC^O^) has three bonds. In presence 
of water, reducing agents have no action upon it. By fusion, hdwever, a few 
metals, K, Na, Mg, etc., reduce it to free carbon. 

HNO, J), Nitrous acid seems to have no action on oxalic. 

HNOj c NO is formed, and the oxalic becomes CO, \^OmelMs Hand-book^ 

9,116]. 

Experiment : To dry oxalic acid add nitric acid, sp. gr. 1.42, or, 
better, 1.50. Test the evolved gas for NO by 814, and for CO, 
by passing it into a solution of barium chloride containing free 
potassium hydrate. 

CI d. HCl is formed, and the oxalic becomes CO, [Gmelin^s Handhoohy 

9, 116]. The CO J, is tested (811 c) ; then prove the absence of free 
CI by KI, and of HCl by AgNOj. This change of bonds takes 
place more readily in presence of potassium hydrate. 



254 Oxalic Acid. 

HCIO e. Forms CO, and CI \^Watts* Dictionary of Chemistry y 4, 250; 

Wurtz's Dictionnaire de Ghimie, 2, 670]. If the oxalic acid is 
in excess, HCl is formed. Proof, same as above. The action is 
more rapid in presence of fixed alkali. 

HCIO, /. Forms CO, and varying proportions of C1,0^, CI, and HCl. A high 

degree of heat and excess of oxalic acid favoring the production 
of HCl [Calvert and DavieSyJour. Chem. Society, U. 193], To 
prove CO,, pass the gas into a solution of barium hydrate, or a 
mixture of barium chloride and potassium hydrate. 

Br g. Does not decompose oxalic acid [Schonbein, Jonr, fur Fraktische 

Chemie, 88, 469]. 

Does decompose oxalic acid [ Wurtz^s Dictionnaire de Chimie, 2, 
671]. 

Does decompose in alkaline mixture [A- Cahours, Annales de Clii- 
mie, 111. 19,486; Jour.fUr Fraktische Chemie,4l, 61], 

It has not been clearly proven that any action takes place, except in 
presence of fixed alkali. 

HBrO. h. Bromine and CO. are formed. 

HIO, i. Forms CO, and I [ff, Davy], 

Add the acid and test for CO, by calcium hydrate, and for I by car- 
bon disulphide. 

The following acids do not change the bonds of oxalic acid : Carbonic, 
phosphoric, hypophosphorous, hydrosulphuric, sulphuric (but see 
653), hydrochloric, hydrobromic, hydriodic, hydrocyanic, sulpho- 
cyanic, hydroferricyanic, hydroferrocyanic. 

Pb'^" k, PbO, with oxalic acid forms Th" and CO, \Gmeli7i^s Hand-book, 9, 

118; Watts' Dictiojiary of Chemistry ^ 4, 250], 

Oxalic acid has no action upon PbgO^. 

Hg" Z. Oxalate of ammonia boiled in the sunlight gives Hg,Cl, and CO, 

[Gmelin's Hand-book, 9, 118 ; Watts'^ Dictionary of Chemistry, 
4, 251]. 

Free oxalic acid boiled in the sunlight also gives Hg,Cl,. 

As^ m. H,AsO^ becomes HjAsO,, and CO, is evolved. 

To prove that As^ becomes As"', add excess of potassic hydrate, and 
then potassic permanganate. The latter will be quickly decolored. 

Mn"" n. Forms Mn" and CO,. 

Mn *^' 0. Forms JBHa" and CO,. 
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)'" p. Becomes Co" and CO,. 
\!" q. Forms Ni" and CO,. 

r. Rapidly forms Cr''' and CO.. 



CABBOiaC ACID. 

812, The carbon of carbonic acid cannot be further oxidized, and is not 
luced in presence of water. It is, however, changed to free carbon by fusing 
bh metallic potassium, sodium, and even magnesium. 



NITROUS ACID. 

813. Nitrous acid acts sometimes as an oxidizing and sometimes as a re- 
cing agent. When it oxidizes nitric oxide is formed. When it reduces 
ric acid is produced. 

POg h. Nitric oxide and phosphoric acid are formed. 

Prove by silver nitrate, or treat calcium hypophosphite with potas- 
sium nitrite and hydrochloric acid, then add ammonium hydrate, 
and a precipitate will show that calcium phosphate is formed. 

S c. Forms sulphur and ammonium nitrate [Gmelin- Kraut, Handhuch 
der Chemie, I. 2, 458 ; Wurtz^s Diciionnaire de Chimie, 1. 489]. 

Hydrosulphuric acid has no action upon nitrite of potassium, but on 
addition of acetic acid sulphur separates, and if the solution is 
hot nitric oxide is formed, the fumes of peroxide of nitrogen 
being clearly visible. Keeping the mixture cold favors the for- 
mation of ammonium nitrate. 

3O3 d. Forms sulphuric acid and nitric oxide \^0meli7i- Kraut, ffandbuch 
der Chemie f I. 2, 458 J. 

Traces of ammonium nitrate are also formed [Kremy], 

JIO3 g. First forms peroxide of chlorine, C1,0^ [Millon], then hydrochloric 
acid [Toussaint; Gmelin- Kraut, Handhuch der Cliemie, I. 
2, 458]. 

Add chloric acid to potassium nitrite ; then addition of silver nitrate 
shows that hydrochloric acid is formed. 

h. Free bromine seems to have no action on nitrous acid. 

j. Forms iodine and nitric oxide [ Watts'^ Dictionary, 4, 71 ; W^irtz^s 
Dictionnaire de Chimie^ 1. 489]. 



J 
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niO, k. Forms iodine and nitric acid. 

HCyS I, Forms sulphuric and hydrocyanic acids, and nitric oxide. Some- 
times traces of other cyanogen products are formed. 

H PeCy^ m. Forms first, hydroferricyanic acid, then nitroferrioyanic acid. 

HjFeCy^ n. Forms nitroferrioyanic acid, 

PbOg 0. Forms Pb'' and nitj-ic acid [Gmelin-Kraut, Handbuch der ChmUy 

1. 2, 458]. 

Hg' p. Becomes Hg° [ Watts^ Dictionary, 4, 70 ; Wurtz^s Dictionnaire de 

Chimie, 1. 489 ; Gmelin-Kraut, Handbuch der Chemiej 1. 

2, 460J. 

Mercuric salts are not reduced [Heppe, ChemiscJie Reactionen, 336]. 

Mn"" q. Forms Mn'' [Gmelin-Kraut, Handbuch der Chemie, I. 2, 458]. 

Mn^" r. Forms Mn" and nitric acid [Gmelin- Kraut, Handbuch, I. 2, 458]. 

Co" s. Changes Co" to Co'" (225) [Watts' Dictionary, 1. 1045]. 

Ni'" t. Nitrites acidulated with phosphoric acid reduce Ni"' to N"i" in til 

cold. 

Cr^' u. Becomes Cr"' [Watts' Dictionary, 4, 70]. 



mTRIC ACID. 

814. a. Of course nitric acid can never act as a reducing agent. Actings ba 
an oxidizing agent, it may form NH^, N, N,0, NO, N^O,, or N^O^. 

If the nitric acid is in excess, and a boiling heat be used, the product is 
nearly all NO, while excess of the reducing agent and a low temperature 
favor the formation of NH,. 

A convenient test for NO is made by passing the gas into ferrous sulphate. , 
(See 590 and Acworth and Armstrong, Jour. Chem, Society, 32, 54.) 

H3PO, b» Becomes phosphoric acid. 

Experiment: Treat with nitric acid until it no longer blackens 
argentic nitrate, and when mixed with ammonium hydrate, gives 
a precipitate with chloride of calcium. 

H,S c. Forms sulphur, and may be further oxidized to sulphuric acid. The 

nitric acid must be stronger than sp. gr. 1.18 [Ghnelin-Kravii 
Handbuch, 1. 2, 219). 

H5SO3 d. Becomes sulphuric acid. 



/ 
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I e. Forms nitrohydrochloric acid (513). 

IO3 /. Nitric acid added to a chlorate liberates chloric acid, which decom- 
poses, but the nitric is not changed [Penny, Jour. Praht Chem,^ 
23, 296]. 

r g. Gives free bromine. 

h. Forms iodic acid ; action slow, and strong nitric acid should be used — at 
least sp. gr. 1.42. This is a practical method for making iodic 
acid, if acid of sp. gr. 1.48 is used [^Bousson, Oomptes Rendus 
Academie des Sciences, 13, 1111]. 

i. Forms first free iodine, then iodic acid. 

yS j. Forms hydrocyanic and sulphuric acids. 

With strong nitric acid, traces of carbonic acid are formed [ Vogel, 
GmelMs Hand-hook, 8, 75]. 

i'eCyg i. Forms hydroferricyanic acid \^Watts\ Dictionary, 2, 250], and 
then nitroferricyanic acid. 

i'eCyg I. Forms nitroferricyanic acid. Proof: Test by adding some solu- 
ble sulphide (668). 

m. Nitric acid oxidizes all ordinary metals. (It does not act upon gold 
or platinum.) It forms nitrates, except in the case of tin and' 
antimony, with which it forms the insoluble oxides, SnO,, and 

With the respective metals it forms Hg' or Hg", Sn" or Sn"", As'" 
or As^, Sb'" or Sb^, Pe" or Fe'", according to the amount of 
nitric acid employed. 

With copper it forms cupric nitrate (never cuprous) ; with cobalt it 
forms cobaltous nitrate. 

O^ n. Becomes plumbic nitrate and PbO^. The nitric acid is not reduced. 

» 

0. Becomes Hg". 
) p. Becomes SnO,. (Not stannic nitrate.) 

Prove by adding KMnO^ to alkaline solution, after treating with 
nitric acid. 

LsOg q. Becomes HjAsO^. Prove as above. 

Dj r. Becomes ISbgOg. Prove as above. 

s. Becomes Cu''. 

t* MnO, NiO, CoO, Cr^O, are not oxidized. 

u* Becomes Fe'". 



268 Hypophosphorou$ Acid. 



HYPOPHOSPHOROUS ACID. 

816. a. Tests for hypophosphorous acid are given in 721 to 725. Per- 
haps the best method of proving that H,PO, is all changed to H,PO^, is that 
it fails to blacken ai^entic nitrate. The reduction of mercuric chloride is some- 
times preferred, especially if hydrochloric acid is present. 

Where the oxidation is not fully complete, first remove any phosphate 
which may be present as an impurity, by addition of magnesium sulphate 
in presence of ammonium chloride and ammonium hydrate; then, after oxida- 
tion, repeat the process to prove partial oxidation. 

n,SO, h. Becomes chiefly f^ee sulphur, but if the hypophosphorous acid is in 

great excess traces of hydrosulphuric acid are formed. 

H^SO^ c. Becomes first sulphurous acid, then sulphur [ Wurtz^s Dictionnam 

de Ohimie, 2, 968], 

CI d. Becomes hydrochloric acid, and phosphoric acid is formed. Prove the 

absence of free chlorine by potassium iodide, and formation of 
hydrochloric acid by argentic nitrate. 

HCIO e. Becomes hydrochloric acid. Prove same as above. 

HCIO3 /. Becomes hydrochloric acid. Prove same as above. 

Br g. Forms hydrobromic acid. Prove absence of bromine by potassium 

iodide, and formation of hydrobromic acid by argentic nitrate. 

The action takes place also in alkaline mixture. 
BEBrO, h. Forms hydrobromic acid. Prove same as above. 

I i. Forms hydriodic acid. 

Prove absence of free iodine, by loss of color, with carbon disulphide 
and prove presence of hydriodic acid by chlorine. 

BEIOj y. Forms hydriodic acid. 

Prove absence of iodic by sulphurous acid with carbon disulphide, 
and formation of hydriodic acid as above. 

H^PeCy^. i. Forms hydroferrocyanic acid. In this case the formation of the 

same cannot be proven by addition of ferric chloride, because an 
excess of hypophosphorous acid changes ferric chloride to ferrous 
chloride, which then gives a precipitate with ferricyanide of po- 
tassium. A good method is to add a slight excess of fixed alkali, 
and then an excess of alcohol which will precipitate the ferro- 
cyanide of potassium, which may, after washing with alcohol, be 
dissolved in water and tested in the usual way. 
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I*b"" I. Becomes Pb" both in presence of fixed alkali and acids. 

;' m. Becomes Ag° " " " ** 

;' n. Becomes Hg*^ " <* *' " 

Hg" 0. Becomes Hg*^ '' « " " 

As'*' and As''' p. Become metallic arsenic (in presence of acids only). 

Bi'" q. Becomes Bi". The action takes place both in presence of alkalies and 

acetic acid. 

Cu" r. Becomes Cu'. The action occurs in presence of hydrochloric acid. 

Proof : Changes from green to colorless, and on addition of am- 
monium hydrate makes colorless solution. 

'Mn'"' s. In presence of acids gives Mn". (No action in presence of alkalies.) 

Mn^" /. With alkalies gives Mn^. 
With acids gives Mn". 

Co'" u. Becomes Co". No action in alkaline mixture. 

Wi'" V. Becomes Ni". '' '' 

Pe'" w. Becomes Fe". " ** 



Cr^ X. Becomes Cr'". " 



66 



PHOSPHORIC ACID. 

816. Phosphoric acid in presence of acids is not reduced. By fusing with 
metallic magnesium PgMgg is formed, which, on being treated with water, 
forms MgO and PHg [Jour. Chem, Society ^ Blunt ^ 18, 106; Parkinson, 20, 
309]. 

HYDBOSULPHURIC ACID. 

817. a. Free sulphur liberated from hydrosulphuric acid may sometimes 
be recognized simply by its appearance. But when white precipitates are 
formed at the same time, the whole should be allowed to settle, then the sul- 
phur dissolved in carbon disulphide, and again separated by evaporation, or 
precipitated from the carbon disulphide solution by addition of alcohol, and 
then further tested by 659, 662. 

H3SO3 b. Forms water and sulphur [ Watts' Dictionary, 3, 203], 



260 Hydrosulphuric Acid, 

Sometimes, especially if the moist gases are used, pentathlonic acid, 
H^S.O., is formed. 5SO, + 5H,S = H,S,0. + 4H,0 + 5S. 
E. Pfeiffer [Archiv der Pharmacie (3), 14, 344; Jour. Chem. 
Society, 36, 1013] claims to have proven that tetrathionic acid, 
HjS^Og, is formed, instead of pentathionic. 

H,SO^ c. No action if the sulphuric acid is dilute. 

With strong acid, sulphur and sulphurous anhydride are formed. To 
prove the latter, add sulphuric acid to dry ferrous sulphide aiid 
boil, or pass hydrosulphuric acid gas into hot sulphuric acid, 
and SO, will be evolved. 

CI d. Forms first sulphur, and finally sulphuric and hydrochloric acids. This 

takes place in alkaline mixture also. 

HCIO e. Same as above. 

HCIO3 /. With excess of hydrosulphuric acid, free sulphur and hydrochloric 
. acid are formed. 

With excess of chloric, sulphuric acid and chlorine are formed. 

Br g. Forms hydro bromic acid and sulphur [ Watts^ Dictionary, 3, 203 J. 

In alkaline mixture iulphuric acid is also formed. 

HBrOg h. Forms sulphur and hydrobromic acid. Sulphuric acid is also 

formed [Rose ; Heppe, Chemische Eeactionen, 75], 

I i. Forms sulphur and hydriodic acid. 

HIO3 y. With excess of hydrosulphuric acid, hydriodic acid and sulphur are 

formed. 

With excess of iodic distinct traces of sulphuric acid are formed. 

HgFeCyg h. Forms potassium ferrocyanide and sulphur. 

Proof: Boil to expel excess of hydrosulphuric acid, then add ferric 
chloride. 

PbOj I Forms PbS and sulphur. Test for sulphur by 817 a, and for PbS, 

after washing with water, add zinc and hydrochloric acid, when 
hydrosulphuric acid will be evolved. 

To prove that no PbO, remains, after washing add potassium iodide 
and carbon disulphide. if any PbO, is present, free iodine will 
be formed. 

As^. -^SjSg and free sulphur are formed. 

Mn"" m. Forms manganous sulphide and sulphur, changing from black to 

flesh color. 
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L^" n. With potassium sulphide, potassium sulphate is formed [Jf. Schlag- 
denhafeUy Bulletin de la Societe Chimique (2), 22, 16; and 
Jour, Ohem. Society, 28, 912], 8KMnO,+3K,S = 3K,SO,+ 
4K3O + SMnOj. This method he uses quantitatively for the 
estimation of hydrosulphuric acid. With some free acid, such 
as phosphoric, hydrosulphuric added in excess to potassium per- 
manganate gives manganous sulphide and free sulphur. 



-^ 



rO^ 0. Forms chromic oxide and sulphur [Gmelin's Hand-book, 2, 119, 
and 4, 11 9J. 

O3 p. Becomes nickelous sulphide and sulphur. Proof, same as for 817 1, 

Pg q. Forms cobaltous sulphide and sulphur. ** " " 

" r. Forms Pe'' and sulphur. The action takes place in either alkaline or 
acid mixture. 
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SULPHUROUS ACID. 

818. a. Upon other acids sulphurous acid acts as a reducing agent, except 
h hypophosphorous and hydrosulphuric acids, 815-817, With free metals 
cts only as an oxidizing agent. With metallic oxides it is a reducing agent, 
ept with stannous oxide. The method of proof is, in all cases, very simple. 

b. Forms sulphuric and hydrochloric acids. 

a ic tc 

IC it (( 

<* hydrobromic ** 

IrOj /. Forms first bromine, then sulphuric and hydrobromic acids. 

g. Forms hydriodic and sulphuric acids. 

O3 A. Forms first iodine, then hydriodic and sulphuric acids. 

PeCy^ i. Accordmg to Boudault [Jour, Praht. Ohem,, 36, 23] and many 
other authorities, potassium ferrocyanide and sulphuric acid are 
formed. Their method of proof is not clear. 

0^ y. Forms plumbic sulphate [Heppe, Chemische Eeactionen, 315]. 

k. Forms metallic silver. 

' and Hg" I, With the nitrates of mercury, metallic mercury is formed. 
With mercuric chloride, mercurous chloride is very slowly pre- 
cipitated. 



( 
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Sn" m. With stannous chloride, forms stannic sulphide, or stannic chloride 

and hydrosulphuric acid, according to the amount of hydrochlo- 
ric acid present. 

Ab^ n. Forms arsenious and sulphuric acids. 

MnO, p. If the solution is hot, manganic sulphate is formed [ Watts^ Diction- 
ary, 5, 636J. If cold, manganous dithionate, MnS^O^, is formed 
[Gmelin^s ffand-bookj il, 174], 

CO3O3 q. Forms Co". 

Ni,0, r. Forms Ni''. 

Pe"' 5. Forms "Fe". 

Cr^ t. Forms chromic sulphate. 

SULPHURIC ACID. 

819. a. Sulphuric acid can of course never act as a reducing agent, and it 
does not oxidize the other acids, except hypophosphorous (815 c), hydrobromic, 
and hydriodic acids. Some others are decomposed, but not oxidized, and the 
sulphuric is not reduced. 

HBr J. Forms bromine and sulphurous acid. No action occurs except in con- 
centrated solution. 

HI c. Forms iodine and sulphurous acid. 

d* Metals, when dissolving in dilute sulphuric acid, evolve hydrogen, and 
form sulphates. 

When the metals dissolve in strong sulphuric acid, SO, is evolved, 
and sulphates are formed. 

Dilute sulphuric acid does not oxidize any of the metallic oxides. 
Concentrated acid changes the following. 

HggO e. Forms mercuric sulphate, and sulphurous anhydride is evolved. 

SnO /. Stannous chloride forms first, sulphurous anhydride, then hydrosul- 
phuric acid, stannic chloride at the same time being produced. 
Compare 818 m. 

Mn g. With the higher oxides of manganese, dilute sulphuric acid has no ac- 
tion. Concentrated, boiling solutions evolve oxygen and man- 
ganous sulphate is formed. 
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CHLOHINE. 

820. a. The most delicate test for chlorine is potassium iodide with carbon 
disulphide (557). if, however, other oxidizing agents are present, the test 
must be varied to avoid error. 

Chlorine is one of the strongest oxidizing agents, becoming always hydro- 
chloric. 

HBr J. Forms bromine and hydrochloric acid. 

I c. Forms iodic and hydrochloric acids. In presence of potassium hy- 
drate, potassium periodate is formed. 

HI d. Forms first iodine, then iodic acid. With potassium hydrate, same 

as above. 

HCyS e. Forms first a red compound of unknown composition, then hydro- 
cyanic, sulphuric, and hydrochloric acids. 

H^PeCyg /. Forms first hydroferricyanic and hydrochloric acids. Excess of 

chlorine to be avoided in preparation of ferri cyanides. 

HgPeCy, g. Decomposes, forming various products. 

h. Chlorine unites with all metals, forming cnlorides. If any metal 
is capable of forming two series of salts, it always changes the 
one in which the metal has the less number of bonds, to that 
having the greater. That is, it changes ou8 salts to ic. 

Especially in the presence of a fixed alkali, it changes nearly all the 
lower oxides and hydrates to the highest the metal is capable of 
forming. Among the ordinary metals, the only exceptions are per- 
oxide of silver, and the^peroxides of the alkalies and alkaline earths. 

i. By comparing this with 824 and 827, the following facts will be 
observed, and should be carefully considered. The elements, 
chlorine, bromine and iodine have an oxidizing power in order 
of their combining numbers, chlorine being the strongest. This 
rule has no exceptions. 

Their hydracids are reducing agents graded in the reverse order. 

If any increase of bonds takes place in presence of an acid, by chlo- 
rine, bromine, or iodine, the same increase always occurs in 
presence of a fixed alkali. But the oxidation frequently goes 
further in presence of a fixed alkali. Thus, with chlorine and 
potassium hydrate we form PbO,,, Ni^Oj, Bi^O^, COgOg, Kj,PeO^, 
MnO,, and EMnO^, which cannot be formed in presence of an 
acid. 
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It is very important to remember that those oxides toMch are formed 
hy chlorine, in preseiice of a fixed alkali, hut not in presence 
of an acid, are the only ones which can he reduced hy hydro- 
chloric acid. And further, that this reduction proceeds not 
ahvays to the original form, never proceeding heyond that ^lum- 
her of ho7ids capable of heing formed in presence of an acid. 
Thus, any plumbic salt, with potassium hydrate and chlorine, 
forms PbOg, and this treated with hydrochloric acid again forms 
the plumbic salt PbCl^. And ferrous chloride with potassium 
hydrate and chlorine forms K,FeO^, in which iron is a true 
hexad, and Kj,PeO^ with hydrochloric acid forms, not the ferrous 
chloride with which we began, but ferric chloride, for it could be 
oxidized to that point in presence of an acid. 

The above rule is true for bromine and iodine as well as for chlorine. 

Pb" y. Becomes PbO,, with fixed alkalies, not in acid solution. 
PbO + 2KHO + Ola = PbOa + 2K01 + HaO 

Pb(NOs)a + 4KHO + Ola = PbOa + 2KN08 + 2K01 + 2HaO 
Pb3(P04)a + 12KHO + Ole = SPbOa + 2K3(P04)a + 6K01 + 6HaO 

Hg' h. Becomes Hg" in acid and in alkaline mixture. 

Sn'' t Becomes Sn"" ^' " '< 

KaSnOa + 2KHO + 201 = KaSnOa + 2K01 + HaO 

Ab''' m. Becoriies As^ in acid and alkaline mixture. 
Sb'" n. Becomes Sb^ « " <« 

Bi'" 0. Becomes Bi^ in alkaline mixture only. 

2BiOl3 + lOKHO + 401 = BiaOe + lOKOl + 5HaO 

Mn" p. Becomes MnO, in alkaline mixture only, and after passing the chlo- 
rine gas for three or four hours a large portion becomes TTMnO . 

Co'' g. Becomes COgO, in alkaline mixture only. 

Ni" r. Becomes Ni,0, *' ** '' 

Or'" 5. Becomes Cr^ (a chromate) in alkaline mixture only. 

Pe" t. Becomes Pe'" in alkaline and acid mixture, but is further oxidized to 

KjPeO^ only in alkaline mixture. 

HYDROCHLORIC ACID. 
821. For some properties of hydrochloric acid consult 820 a, 

HCIO a. Forms chlorine and water. HCIO -f HCl = CI, + H,0. 
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HCIO, J. Gives chlorine, and a varying amount of the several oxides of 

chlorine [Siorer's Quantitative Analysis^ 119], 

HBrO, c. In very dilute solution, no action. 

HIO3 d. In dilute solution, no action. If concentrated, yellow chloride of 

iodine is formed, not taken up by carbon disulphide. 

e. In all cases where metals are dissolved in hydrochloric acid, hydrogen 

is evolved. In such cases it is an oxidizing agent, the chlorine of 

. the acid not changing its bonds, but the hydrogen is changed 

from combined, in which it is plus, to free hydrogen, where it 

has no bonds, thereby losing one bond. 

For its action on oxides see 820 i, 

PbjO^ and PbO, /. Form plumbic chloride and chlorine. 

Mn g. All compounds of manganese having more than two bonds are reduced 

to the dyad, with evolution of chlorine. If the solutions are 
dilute this change is preceded by formation of manganese peroxide 
[8, U. Pickering, Jour. C7iem, Society^ 35, 654]. 

Co and Ni h, Cobaltic and nickelic oxides are changed to cobaltous and 

nickelous chlorides, with evolution of chlorine. 

"Fe^ i. With the exception of ferrates, as K^PeO^, which forms ferric 

chloride, the compounds of iron are not reduced. 

Cr^. Forms chromic chloride, and chlorine is evolved. 

HITPOCHLOROUS ACID. 

822. The oxidizing power of this acid is, in general, the same as that 
of free chlorine. 

CHIiOBIC ACID. 

823. a. Chloric acid for the following operations may be easily made, by 
adding to barium chlorate just enough sulphuric acid to precipitate all the ba- 
rium as a sulphate. 

It is a strong oxidizing agent, becoming free chlorine mixed with various 
oxides of chlorine. If the reducing agent is used in excess, hydrochloric acid 
is the final product, but in the operation much of the chlorine escapes into the 
air. 

b. Forms bromine. 

c. Forms iodic acid. 

d. Forms first iodine, then iodic acid. 
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HCyS e. Forms first a red compound of unknown composition, then hydrocy- 
anic and sulphuric acids. 

H^PeCy, /. Forms first hydroferricyanic acid, which may be further oxi, 

dized. 

HjPeCy, g. Chloric acid acts upon potassium ferricyanide, forming potassium 

superferricyanide, K^PeCy,. 

6K,PeCy. + KCIO, + 6HC1 = 6K,PeCy, + 7KC1 + 3H,0 

[^. H, SJcraup, Liebig^s Annalen cler Chemie, 189, 368]. in 
this salt the iron has four bonds. 

Sn" A. Forms Sn"". Proof : After adding excess of potassic hydrate it does 

not decolor potassium permanganate. 

AS'" j. Forms arsenic acid. Proof, same as above. 

Pe" L Becomes Pe"'. 

BBOMIirE. 

824. a. Bromine as an oxidizing agent is intermediate in strength between 
chlorine and iodine. In presence of acids it never acts as a reducing agent. 
In oxidizing it becomes Br~' ; that is, hydrobromic acid or a bromide. 

The tests for hydrobromic acid are given in 532, 541. 

A good method of proving the absence of free bromine is the addition of 
potassium iodide with carbon disulphide. 

HI b. Forms iodine and hydrobromic acid, in presence of potassium hydrate 

forms potassium iodate and bromide. 

HCyS c. Forms hydrocyanic, hydrobromic, and sulphuric acids. 

H^PeCyg d. Forms hydroferricyanic and hydrobromic acids. 

For classified statement of the action of chlorine, bromine, and iodine 
upon metallic forms, see 820 h, i. 

Pb" /. Forms PbO^ and Br~' (a bromide). With fixed alkali only. 

Hg' g. Forms Hg" and a bromide, in alkaline and acid mixture. 

Sn" Ji, Forms Sn"" and Br~' (a bromide). With fixed alkali and with acids. 

Proof: After addition of potassium hydrate, potassium permanganate 
is not decolored. 

Sb'" i. Forms Sb^ and Br~' (a bromide), with fixed alkali and with acids. 
Proof same as above. 



As"' y. Forms As^ and Br~' (a bromide). 
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Mn'' Jc. Forms MnO, and Br~' (a bromide), with fixed alkali. Not with acids. 

Co I, Forms ©©^(OH), and Br~' (a bromide), " " 

Ni m. Forms Ni,(OH), and Br-' " « 

Pe" n. Forms Pe'" and Br"' with fixed alkali and with acids. 

In presence of fixed alkali, not with acids, it forms K^PeO^. 

Cr'" 0. Forms Cr^ and Br~', with fixed alkali and not with acids. 

HYDROBROMIC ACID. 

825. For general action see 820 i, and 532. 

HBrO, a. Forms Br° and water, ail the bromine being liberated from both 

acids. 

HIO, h. Forms iodine and bromine. 

PbO, c. Forms PbBr, and Br°. 

Mn d. All compounds of manganese having more than two bonds are reduced 

to the dyad, and bromine is evolved. 

Co'" e. Co'" and Br"' forms Co" and Br°. 
Ni'" /. Ni'" and Br"' forms Ni" and Br°. 
Cr^ g. Cr^ and Br"' forms Cr'" and Br^. 

BROMIC ACID. 

826. Free bromic acid is so very instable that it is difficult to experiment 
with. 



a. Forms free iodine and free bromine. 

HCyS h. Forms HCy, H,SO^, HBr. 

H^PeCy, c. Forms hydroferricyanic and hydrobromic acids. 

Hg' d» Forms Hg" and Br""' (a bromide). 

Sn" e. Forms Sn"" and Br""'. Proof: Does not decolor KMnO^ afler add- 

ing excess of EHO. 

Sb'" /. Forms Sb^ and Br"'. ** " « 

As'" g. Forms As^ and Br"'. ** " " 

Pe" A. Forms Pe'" and Br-'. 
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IODINE. 

827. For the action of iodine upon the substances which precede it in the 
list given in 806, see the preceding paragraphs. 

H^PeCy^ a. Iodine is decolored by potassium ferrocyanide, and some potas- 
sium ferricyanide and potassium iodide are formed. The action 
is slow, and never complete [^Omelin^s Hand-hooky 7, 459], 

Hg' b. Forms Hg" and I"' with fixed alkali or with acids. 

Sn" c. Forms Sn"" and I"' « " " 

Sb"' d. Forms Sb^ and I"' [Mohr, Titrirmethode, 1870, 276]. 

As'" e. In alkaline mixture gives I~' and As^. 

Mn" /. Forms MnO^ and I~', with fixed alkali, not with acids. 

Co' g. Forms Co^O, and V " *' " 

Pe" h. Forms Pe'" and I"' " «< <* 

Cr'" i. Forms Cr^ and I"' ** « « 

TSi" j. The bonds of Ni" are not changed by iodine. 

HYDRIODIC ACID. 

828. See 820 L 

V 

HIO, a. Liberates all the iodine from both acids. 

HjPeCyg h. Forms hydroferrocyanic acid and free iodine. The action is 

never quite complete. 

Pb"" c, Formfs Pb" and free iodine. 

As^ d. Forms As'" and free iodine. 

Sb^ e. Forms Sb'" and free iodine (423). 

Cu" /. Forms Cu' and free iodine (270). 

Mn g. All compounds of manganese having more than two bonds are reduced 

to the dyad. If dilute hydriodic acid with E!MnO^ is used, 
manganese peroxide is first formed, and if the permanganate is 
in great excess potassium iodate is formed [0. M* Donald, 
Amer, Jour. Pharmacy (3), 17, 393]. 

Co'" A. Forms Co" and free iodine. 
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Ni''' i. Forms Ni" and free iodine. 
Pe'" j. Forms Fe'' and free iodine. 
Cr^ Jc, Forms Cr'" and free iodine. 

IODIC ACID. 

829. The action of iodic acid upon the other acids has already been given. 
HCyS a. Forms hydrocyanic and sulphuric acids and free iodine. 
H^PeCy^ h. Forms hydroferri cyanic acid and free iodine, 

Sn" c. Forms Sn"" and an iodide. 

Proof : After addition of potassic hydrate does not decolor potassium 
permanganate. 

Sb'" d* Forms Sb^ and free iodine. Proof as above. 

As'" c. Forms As^ and free iodine. Proof as above. 

Pe" /. Forms Pe'" and free iodine. 

HYDROCYANIC ACID. 

830. In dilute solutions hydrocyanic acid is not readily oxidized, although 
some of the stronger, concentrated oxidizing agents decompose it. The pro- 
ducts formed have not been thoroughly investigated. 

THIOCYANIC OR SULPHOCYANIC ACID. 

831. For action of this upon other acids see 811 to 829. It is quite 
instable. On being liberated from its salts it is soon resolved into hydrocy- 
anic and persulphocyanic (HjCy^Sj) acids. 3HCyS = HCy + H,Cy,S, 
[ Watts' Dictionary, 4, 378] . 

PbO, a. Forms Pb" and sulphuric acid. In acid mixture only [^E. A, Ha- 

dow, Jour, Chem, Society, 11, 174]. 

H3ASO, i. Forms As"' hydrocyanic and sulphuric acids. 

MnO, c. Forms Mn" and sulphuric acid. In acid mixture only. 

Mn^' d. Forms Mn", and in acid mixture, hydrocyanic, and sulphuric acids. 

In alkaline mixture, cyanic, HCyO, and sulphuric acids are pro- 
duced [Wurtz's Dictionnaire de CMmie, 3, 95]. 

Co'" e. Forms Co", hydrocyanic and sulphuric acids. 
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Ni'" f. Forms Ni", hydrocyanic and sulphuric acids. 
Cr^' g» Forms Cr''', hydrocyanic and sulphuric acids. 

HYDROPERROCYAinC ACID. 

832. The action of this upon the other acids is given in 806. 

PbO, a. With sulphuric acid forms Pb" and hydroferricyanic acid. 

Ag' b. With fixed alkali, forms potassium ferricyanide and metallic silver. 

MnO, c. With phosphoric acid, gives Mn'' and hydroferricyanic acid. 

Mn^' d. Forms with potassium hydrate MnO, and potassium ferricyanide. 

With sulphuric acid, manganous sulphate and hydroferricyanic 
acid. 

Co"' e. With phosphoric acid, forms Co" and hydroferricyanic acid. 

"Ni"' /. With acetic acid, gives Ni" and hydroferricyanic acid. 

Cr^' g. With phosphoric acid, gives Cr'" and hydroferricyanic acid [Schon- 

beiUy Jour, fur PraJct. Chemie, 20, 145]. 
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833. For the action of this acid upon others, see those acids in preceding 
paragraphs. 

Pb" a. With potassium hydrate, forms PbO, and potassium ferrocyanide 

{Watts' Dictmiary, 2, 248]. 

Sn" b. With potassium hydrate, forms potassium .stannate, K,SnO„ and 

potassiumi ferrocyanide [Watts* Dictionary, 2, 248]. 

Mn" c. With potassium hydrate, forms MnO^ and potassium ferrocyanide 

[Boudault, Jour, fur PraM, Chemie, 36, 23], 

Cr'" d* Forms in alkaline mixture a chromate and a ferrocyanide [BoudauU, 

Jour, de Pharmacie (3), 7, 437]. 



LEAD OXIDE. 

834. The reducing action of Pb" upon acids has already been given. 
Sn" a. In alkaline mixture becomes Sn"", and metallic lead is formed. 

Mn^* b. Produces a black precipitate containing both lead and manganese. 
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LEAD PEBOXIDE. 

835. For action of peroxide of lead upon acids, see preceding paragraphs. 

Hg' a. In acid mixture, changing Pb'"' to Vh'\ and Hg" is formed. 

Sn" h In acid mixture Pb"" becomes Pb", and in alkaline it is reduced to 

metallic lead, Sn"" being formed. 

As'" c. In alkaline and acid mixture becomes As^ and Pb". 

Mn" d» In alkaline mixture gives Mn"" and Pb", which uniting with excess 

of peroxide forms VhO^^l^nO^ [Gibbs and Parkman, Amer. 
Jour, of Science (2), 39, 58]. 

In acid mixture forms permanganic acid. 
Fe" e. In acid mixture changes Pb"" to Pb", and Te'" is formed. 

Cr"' /. In alkaline and acid mixture, Pb"" becomes Pb", and Cr'" becomes 

SILVER OXIDE AND SALTS. 

836. For action of acids on silver salts see 813-835. 

Hg' a. Forms metallic silver in acid and alkaline mixture [Gmelin-Krauty. ' 

Handbuch der Chemie, 3, 127]. 

As"' b. In alkaline mixture forms metallic silver, and an arsenate. 

Sb"' c. In alkaline mixture forms argentous oxide, Ag^O, and Sb^ [Bunsen]. 

Cu' d. Becomes Cu", and metallic silver is formed [jff. Eose, Jour, fur- 

Praht. Chemie, 71, 407]. 

Mn" e. In neutral and ammoniacal mixture forms Ag^O and Mn^Oj [jff.. 

Rose, Jahresberichte fiir Chemie, 1857, 252]. 

Co" /. Forms in neutral and ammoniacal mixture Ag^O and CO3O3 [ff. 

Rose, Chemical Oazettey 15, 365]. 

Pe" g* In slightly acid solution, metallic silver is formed and Pe"'. In am- 
moniacal mixture Ag^ [ff. Rose, Jahresberichte fUr Chemie,. 
1857, 252]. 

Or"' h. With potassium hydrate, gives metallic silver and potassium chro- 

mate. 
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MEBCXmOUS OXIDE. 

837. Precipitated mercury is a little lighter in color than mercurous oxide, 
but when mixed with it is very difficult to identify in the presence of water. 
The method usually given is to digest with hydrochloric acid, and rub with a 
glass rod. A very tedious and unsatisfactory method if another precipitate, 
and especially mercurous oxide, is mixed with it. 

A very good method is to permit it to settle, and decant, until thoroughly 
washed, then place in an evaporating dish and dry at a low temperature. The 
mercury will immediately collect in visible globules. 

Sn" a. In presence of acids and alkalies gives metallic mercury and Sn"". 
As"' h' in alkaline mixture, gives metallic mercury and Ab\ 

Sb"' c. In strong alkaline mixture, gives metallic mercury and Sb\ 

KMnO^. d. In acid mixture, gives Mn" and Hg''. 

In alkaline mixture, gives Hg'', and first a green manganate, Mxi^i 
and finally Mn". 

Or''' e. in alkaline mixture gives metallic mercury and Cr^. 

MERCUBIC OXIDE. 

838. For action of mercuricum upon other substances, see preceding para- 
graphs. 

Sn" a. In acid and alkaline mixture, first mercurous oxide, then metallic 

mercury and Sn"". 

As'" h. In alkaline mixture, gives first Hg', then Hg*^ and Ab\ 

Sb'" c. In very strong alkaline mixture, gives first Hg', then Hg^ and Sb^. 

Te" d. In alkaline mixture, gives Hg' and Pe'". 

Cr''' e» in alkaline mixture, gives first HgV then Hg^ and a chromate. 

STAIOQ^OUS OXIDE. 

839. For reaction of stannous oxide with acids, see preceding paragraphs. 

As''' a. With strong hydrochloric acid, elemental arsenic and stannio chloride 

are formed. 

As^ S. First Sn"" and As'" is formed, then as above. 

c. In alkaline mixture, gives Sn"" and BiO. 



in 
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Cu" d. In acid mixture forms Cu', in alkaline metallic copper and Sn"" [E, 

Lenssen, Jour, fur PraJct. Chemiey 79, 90]. 

Cd e. In alkaline mixture, gives metallic cadmium and Sn'"'. 

Mn^ f. In acid and alkaline mixture, gives Sn'"', and Mn". 

Pe'" g. In acid mixture, changes Pe'" to Pe", and Sn'"' is formed. 
Cr^ A. In acid and alkaline mixture, gives Sn'"' and Cr"^ 

840. Stannic Compounds. See 813, 814, 820, 822, 823, 827, etc. 

841. Antimonious Compounds. See 814, 820, 824, etc. 

Mn a. In acid mixture, all compounds of manganese having more than two 

bonds are changed to the dyad, Sb^ being formed. In alkaline 
mixture the result is the same, except that a residue remains, 
probably MnjO^. 

Ni'" 5. In alkaline mixture becomes Nf '. 

Cr^ c. In alkaline and acid mixture, gives Cr'" and Sb^. 

842. Antimonic Compounds. See 814, 820, 824. 

843. Arsenious Compounds. See 814, 815, 820, 824, 827, etc. 

Cu" a* In alkaline mixture. As"' becomes As^, and Cu' is formed. 

Mn^ and Mn"" 5. In acid mixture both are changed to Mn", As^ being formed. 

In presence of alkalies a precipitate remains, which is perhaps 
manganese arsenate. 

Co,0, c. In acid mixture, gives As^ and Co". 

NijOj d. In acid and alkaline mixture, gives As^ and Ni". 

Cr^ e. In acid and alkaline mixture As"' becomes As^, and Cr"' is formed. 

843^. Arsenious Hydride. 

HWO . Forms arsenious and arsenic oxides and nitric oxide.* 

HNO . Forms arsenious and arsenic oxides and nitric oxide. f 

H SO . Forms ielemental arsenic, and probably a " lower sulphide " of 

arsenic* 

* H. B. Parsons, Chm^Uiall. NewB^ 85, 285. 
t Gmelin's Ewnd-book qf Chemistry ^ 4, 2SSL 
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H,SO^. Forms elemental arsenic and sulphurous anhydride.f | 

Later arsenious oxide and hydrosulphuric acid.J 

CI Arsenious and arsenic oxides and hydrochloric acid.f 

Br Arsenious and arsenic oxides and hydrobromic acid.f 

I Arsenious oxide and hydriodic acid.f 

HIO3 Arsenious oxide and iodine.* 

HMnO^ In neutral solution, arsenic and manganic oxides. In acid solution, 

arsenious and arsenic oxides and manganous salt, in alkaline 
solution, arsenious and arsenic oxides, and manganic oxide.* 

HCrO^ In alkaline solutions, elemental arsenic and chromic oxide.* 

844. Arsenic Compounds. See 811, 815, 817, 828, 831. 

845. Bismuth Compounds. For the reactions of bismuth, see 820 and 

839. 

846. Copper Compounds. § 

Cr"' a. In alkaline mixture Cu^O is precipitated, and a chromate is formed. 

Pe" b. In acid mixture, Cu' and Pe'" are formed ; in alkaline, metallic cop- 
per separates. 

847. Manganous Compounds. See 820, 824, 827, etc. 

848. Manganese Peroxide. See 815, 817, 818, 821, 825, 828, 831, etc. 

849. Permanganates.§ 
Co" c. In alkaline mixture MnO, and Co^O, are formed. 
"Ni" d. In alkaline mixture MnO„ and NLO, are formed. 

m 3 9 

Pe" e. In acid mixture gives Mn" and Pe'". 

850. Cobaltous Compounds. See 820, 824, 827, etc. 

851. Cobaltic Compounds. See 811, 815, 817, 818, 821, 825, 828. 

852. 19'ickelous Compounds. See 820, 824, etc. .^ 

853. Nickelio Oxide. See 811, 815, 817, 818, 821, 825, 828^ 



* H. B. ParsonB, CTiemicai News, 85, 285. 

t Gmelin's ffand-l)Ook of Chemistry, 4, 262. 

t Watts' IHctUmary, SupjOemerU, 1, 218. 

$ For other reactions of these sabstances, see preceding paragraphs. 
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854. Ferrous Compounds. See 813, 814, 820, 823. 

855. Ferrio Compounds. See 815, 817, 818, 828, 839. 

856. Chromic Compounds. See 820, 834, 827, 835. 

857. Chromic Acid. See 811, 813, 815, 817, 818, 825, 828, 831. 

PEECIPITATIOW OP METALS BY METALS. 
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868. Met.ils frequently precipitate other metals from their solutions. Thus, 
in this list Au, Pt, Ag. Hg, Cu (Pb ;ind Sn), Co, Cd, each metal precipitates all 
those which preuodo it, and is jireoipitaled lij' all thoso wLicb follow. Lead 
and tin precipitate all those whicli precede, and are precipitated by nil those 
which follow; neither precipitates the other completely. Further, all in the 
list are precipitated by Zn, Mg, Al, K, and Ifa. Iron precipitates copper, 
and those which precede, but is only partially precipitated by those which 
follow, owing to its tendency, when in a finely divided state, to take up 

869. Nascent hydrogen, produced by action of acids upon metals, by 
action of water upon sodium amalgam, or by potassium or sodium hydrate 
upon metallic aluminium, reduces many acids. For example: Iodic becomes 
hydriodio or an iodide, in acid and in alkaline mixture. In the same way 
bromic and chloric acids are reduced to bromides and chlorides, aiid hydro- 
ferricyacic to hydroferrocyanio. In acid mixture, thiocyanic and sulphurous 
acids are reduced to hydro sulphuric, and hypophoaphorus to PH,. 

EQUATIONS. 

860. It is recommended that the student write all the equations represent- 
ing the i-eactiona given in this part. Below are given a few examples, which 
he should balance according to the principles given previously, using rule given 
in 810. It will be seenthatin many cases an oxidizing agent is made to act upon 
two reducing agents, both in the same salt. Thus, in the 4th, the ferrosum and 
the hypo phosphorous acid are both oxidized, and in the 8th both the roerou- 
roaum and the arsenious acids are oxidized, while in the 15th both the copper 
and arsenic are reduced. 

It is to he understood that the right-hand ingredients are to be used in 
excess, or in aa great, quantities as may be necessary to fully oxidize or reduce 
the firet ingredients. It is also recommended that the teacher extend this list 
to several hundred for class use. 

1. PbjO, -I- Mns(PO0. + HNO, I 4. FeH,(PO,), -f HNO= 

2. Pel, + HNOs 5. Pbj(ABO,), + KOH + CI 

3. BaH.(PO.)j -f ENOi + H,&0, ^ 6. Fb>(AaO,), 4- Ol -fr H,0 -\- HOI 
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Hg,(AaO,], + KOH + CI 
Hg,(ABO,)j +01 + H.O + HCl 
Or.lNOilo + PbO, + KOH 
FeSO, 4- KOH -|- CI 
Pbl, + KOH + 01 
Mn,(A»0,), + KOH + CI 
NiH,(FO,), -I- KOH + 01 
^14. BgSO, + Za + HOI 
Oa,(AsO,)i + HI 
Bi{ayS), + Al + HCl 
Fei,(AaO.), + HCl + H,S 

Wta. Fbso. -f H,o + 01 

Bg.0,0, + KOH + CI 
EbiS + H,0 -;- CI 
OdSO. 4- Zn -I- HOI 
MnSOa + H,0 4- 01 
MnSOa + KOH -j- CI 
Cr,(SO,), + KOH + Br 
Cr,H„(PO,), + CI + H,0 
CtH,,(PO,), + KOH + CI 
OrgI, -{- KOH 4 CI 
Cr,I, + KOH + Br 
Pb(CyS), -\- KOH + CI 
Pb(CyS), + H,0 + 01 
Ba(CyS), + 01 + H,0 



32. Znl, + EOH + Br 

33. 2nl, + KOH + CI 

34. Pel. + KOH + CI 
36. Fel, + KOH + 1 

36. Fb,|AsO,)i + O + fusion 

37. A],l, + Al,(IO,). + HaPO, 

38. K,Or,0, + KNO, + HiPO. 

39. SrSO, + HjO + CI 

40. Sr(CyS).j + HiO + CI 

41. K,Fe04 + Zq + H=PO, 

42. Hg,(AaO,), + H,PO, 

43. Fe.(AsO.)a + H^PO, 

44. Ni,(OB)g + Zn + H,SO, 
4B. MnO, + Al + H,SO, 

46. Fo,(AhO0. + K,B + HCl 

47. Fe,(AsO.). + Al + HCl 

48. Peso. + Al + HOI 

49. K^SnO, + BiClg + KOH 
60. Cus(As0.1j + HI 

51. Hga(AaO,), + KOH + Br 

62. Cu(IOs)j + HI 

63. PbOrO. + HI 

64. Gu(NO»), + Bal, + H,SO. 

65. AgMnO. + H,S 

B6. PbH,(P05), + Zn + H,SO. 



PROBLEMS IN SYNTHESIS. 
881. For the sake of more thorough drill in the principles of oxidatioid 
few problems are here given; a part of them the student should practically 
■workathiatable, hut they are chiefly designed for class exei-cises. Special care 
should be taken that a pure product be formed, aod that the ingredients be 
taken from the sources indicated. Thus, in the 31st, the chlorine for the am- 
monium chloride must be obtained from silver chloride, and the nitrogen of 
potassium nitrate must he concerted into ammonia, and then united with the 
chlorine, and the product purified. 



Problems in Synthesis. 
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?he student is not to suppose that these problems represent operations thai 
financially profitable, but merely chemical possibilities, and their solutioE 
compel an accurate comprehension of a great variety of important prin- 
s. it is recommended that the teacher increase the number of these ; ar 
lary class may with profit discuss from three to five hundred. 

ake pure mercuric bromide, from mercurous chloride and aluminic bromide, 
chromic chloride, ** potassium chromate 
arsenic acid, ** potassium arsenite. 

potassium arsenate, ** potassium arsenite 
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hydrochloric acid. 



plumbic nitrate, 
mercurous nitrate, 
mercurous oxide, 
mercuric bromide, 
mercuric bromide, 
lead nitrate. 
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plumbic chloride 
mercuric chloride 

" mercuric oxide, 
metallic mercury 
metallic mercury 

** lead dioxide 
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mercurous phosphate, ** phosphoric acid 



barium sulphate. 
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lead sulphide 



tt 
tt 
ti 

tt 
tt 
it 
tt 
it 



ti 



bar*m hypophosphite, ** calc'm hypophosphite ** 

lead chromate, 

chromic chloride, 

barium chromate, 

mercuric chromate, 

chromium sulphate, 

phosphoric acid, 

phosphorus, 

lead iodate, 

silver iodate, 

ferric arsenate, 

mercuric bromide, 



" chromic chloride 

" potas acid chromate ** 

" chromic chloride " 

mercuric sulphide " 
potas. acid chromate ** 
sodium phosphate, 
calcium phosphate, 
lead sulphate 

" silver bromide 
ferrous sulphide 
mercuric sulphide 
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ammonium sulphate, " potassium nitrate 
ammonium chloride, " load nitrate 
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sodium chloride, 

phosphorus, 

lead sulphide, 

ferrous sulphite, 
ammonium chloride, ** 



sodium sulphate 

sodium phosphate. 

** triplumbic tetroxide 

'* ferrous chloride 
potassium nitrate 



mercurous nitrate, ** mercuric chloride 
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potassium hydrate, 
zinc nitrate, 
bismuth nitrate. 

potassium bromide, 
silver bromide, 
potassium nitrate, 
mercuric chloride, 
barium hydrate, 
barium chloride, 
lead sulphate, 
silver chloride, 
barium sulphate, 
chromium nitrate, 
bismuth sulphite. 



potassium iodide, 
potassium iodide, 
arsenious acid, 
lead bromide, 
sulphur, 
silver chloride, 
silver chloride. 

bismuth thiocyanate. 

barium sulphate, 
silver chloride. 

potassium nitrate. 
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83. Make pure potassium sulphate, from sodium sulphite and 



34. 
85. 
36. 

87. 

38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
63. 
63. 
'64. 
65. 
66. 
67. 
68. 
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mercurous chloride, ** 

potassium iodide, 

sodium iodate, 

sodium phosphate, 
potassium bromide, 
potassium chloride, 
strontium nitrate, 
mercurous sulphide, 
potassium sulphate, 
sodium sulphate, 
potassium chromate, " 
potassium iodide, 
sodium iodate, 
potassium chloride, 
potassium carbonate, ** 
ammonium sulphate, " 
manganese peroxide, " 
arsenious sulphide, 
arsenious sulphide, 
arsenious sulphide, 
potassium nitrite, 
lead ferrocyanide, 
arsenic acid, 
lead sulphide, 
silver iodate, 
stannous chloride, 
sodium sulphite, 
sodium, iodide, 
lead sulphide, 
lead sulphite, 
sulphuric acid, 
cadmium sulphite, 
ferrous sulphide, 
cadm'm ferrocyanide, ** 
stauAous chloride. 



mercurous sulphide ** 
potassium chloride 
sodium chloride 
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potassium phosphate 
silver bromide 
silver chloride 
strontium sulphate 
mercuric bromide 
sodium sulphate 
potassium sulphate 
chromic chloride 
sodium iodate 
potassium iodide 
sodium chloride 
oxalic acid 
potassium nitrate 
lead permanganate, 
lead arsenate 
lead arsenate 
silver arsenate 
sodium nitrite 
cupric ferrocyanide 
arsenious sulphide, 
lead sulphate, 
silver iodide. 

stannic bromide and silver 
sodium sulphate, 
sodium iodate. 
lead sulphite, 
lead sulphide, 
arsenious sulphide, 
cadmium sulphate, 
ferric sulphate, 
cadmium ferricyanide. 
stannic sulphide and 
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potassium nitrate, 
ferric chlorate. 

sodium iodate. 

potassium iodide. 

sodium chloride, 
potassium chloride, 
potassium bromide, 
mercurous nitrate, 
potassium sulphite, 
potassium hydrate, 
sodium hydrate, 
potassium hydrate, 
potassium nitrate, 
sodium nitrate, 
potassium nitrate, 
potassium chloride, 
sodium sulphide. 

potas'm thiocyanat 
potassium sulphite, 
barium sulphate, 
potassium chloride, 
metallic lead. 



chloride. 



mercuric chloride. 



OSAL A TES — CJl 



69. Make pure ferric bromide, from ferrous sulphide 



e bromide, 
IS sulphide, ' 
a cMoride, ' 
barium carbonate, ' 
sodium hydrate, 
potassium hydrate ' 



3 chloride 
zinc thioc^anate 
silver nitrate 
GBJciiiin oxalate 
sodium aluminate. 
potassium staimate. 



and sLIrer bromide. 

" silver bromide. 

'* metallic mercury. 

" mercurous chloride, 

" barium chloride. ■ 



882. A. few general principles are here given to aid the student in solving 
the preceding problems. 

For the sake of brevity, the term all salts is frequently used, and it is to 
be understood that this does not include those of the rarer metals, but merely 
l^those of Pb, Ag, Hg', Hg ', Sn", Bi, Cu", Cd, Zn, Al, Co", Hi, Mn", Fe", 
', Cr'", Ba, Sr, Ca, Mg, M"a, wid K, It must be borne in mind that the 
hods given are not always the best, but those only are chosen which involve 
principles of universal application. Should. one desire in each case to learn the 
moat economical method, iu all its details, used by the manufacturer, ho is 
d to the works upon chemical technology. 



OXALATES. 

803. a. Oxalates are formed by treating the oxide, hydrate, or carbonate 
with oxalic acid. In this manner may be made all oxalates (862). 

S. By adding oxalic acid to some soluble salt of the metal. In this mau- 
ler all oxalates (862) may be made except alkali, magnesium, chromic, 
«rrio, aluminic, and stannic oxalates, which are not precipitated, Antimonious 
Salts are precipitated, but the precipitate is basic. 

. Alkaline oxuliitea will precipitate the same solutions as oxalic acid, but 

many of the precipitates are soluble in excess of the alkaline oxalate, and, as a 

B salt found is a double one, e.g., AglfH^C.O,. The fourth group 

^iBietala are well-defined exceptions to this rule — their precipitates, formed by 

* method, being normal oxalates. 

d. Some of the metals when finally divided are attacked by oxalic acid, 

'•■ydrogen being evolved. 



CAREOWATES, 

864, All the metals, in list 863, can be converted into carbonates, except 
"^i^iniony, tin, aluminium, chromium, and ferricum. 

a. The alkaline carbonates precipitate solutions of all other metals, the pre- 
'''pitate with antimony salts is an oxide. With tin, aluminium, chromium, and 
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ferricum it is a hydrate ; with silver salts, mercurous, cadmium, manganese, 
ferrous, and salts of the fourth group metals, it is a normal carbonate. In other 
cases the precipitate is a basic carbonate. 

i. The above carbonates may also be made by passing carbonic anhydride 
into the moist hydrate. Dry carbonic anhydride in no case combines with dry 
oxides. 

NITBITES. 

865. The nitrites are all soluble ; the silver and lead salts sparingly. 
Nitrite of potassium may be made by fusion from the nitrate, oxygen being 

evolved, or by passing peroxide of nitrogen, N^O^, into potassium hydrate. 
Silver nitrite can be made from this by precipitation, and purified by recrys- 
taliization. 

Basic lead nitrite can be made by boiling lead nitrate with metallic lead. 
The other nitrites are made by transposition ; adding to silver nitrite, the 
chloride of the metal, which we wish to change to a nitrite, care being taken 
to add just enough. The nitrites of mercurosum, tin, antimony j bismuth, 
aluminium, iron, and chromium have not been made. 

NITRATES. 

866. Nitrates are all soluble, a. They are formed by the action of nitric 
acid upon metals, as described in 814. h. By dissolving the oxides, hydrates, 
or carbonates of the metals in nitric acid. Mercurous, stannous, manganous, 
and ferrous nitrates should not be evaporated to expel excess of nitric acid, 
since a higher metallic form would result. The crystals may be washed in 
cold water, to free them from the uncombined acid. All nitrates are decom- 
posed by heat ; a few, the alkalies and alkaline earths, first evolve oxygen and 
form nitrites, afterward a mixture of oxygen and nitrogen, leaving the oxides ; 
others, either free nitric acid or a mixture of the oxides of nitrogen, until only 
the oxide of the metal remains. There are two exceptions, silver and mercury, 
in which cases only the free metals remain. 

867. HYPOPHOSPHITES. 

a. The hypophosphites are prepared by neutralizing the acid with bases ; 
J, by double decomposition, adding the sulphates to barium hypophosphite. 
All the metals (862) form hypophosphites except mercurosum, copper, and 
tin. The silver and ferric salts are not very stable. 

PHOSPHATES. 

868. Phosphates can be made by adding phosphoric acid to the oxides, 
hydrates, or carbonates of the metals ; but by this method it is usually diffi- 
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cult to add just a sufficient amount to make the normal salts. It is better to 
make them by precipitation. The normal silver, mercurous, bismuth, cadmi- 
um, zinc, manganous, cobaltous, nickel, and chromic phosphates are made by 
adding disodio hydric phosphate to solutions of the respective metals. A part 
of the acid with which the metal was combined is set free. Cupric and ferrous 
phosphates require the metallic solution to be added to the disodic hydric 
phosphate. (The reverse process gives some dimetallic phosphates.) Lead, 
aluminium, and ferric salts must be made from the acetates ; mercuric from the 
nitrate (not chloride). The stannous salt made by precipitation from chloride 
contains stannous chloride, and the antimony salt is very basic. Disodic 
hydric phosphate throws down the alkaline earth metals, as dimetallic. To 
make the normal salts the trimetallic sodium phosphate should be used. The 
dimetallic phosphates of barium, strontium, and calcium may be made normal 
by addition of ammonium hydrate, but the magnesium salt, by this treatment, 
becomes MgNH^PO^. The phosphates are all soluble in phosphoric acid 
except the lead, mercurous, and bismuth salts. 

SULPHIDES. 

869. The sulphides of the first three groups, as also the method of making 
them, are too familiar to require description. The sulphides of the alkaline 
earths are usually made from the sulphates by fusion with charcoal. They 
are partially decomposed by water. 

SULPHITES. 

870. The sulphites are usually made by action of sulphurous acid upon the 
oxides or hydrates of the metals. They are normal, except mercurous, which 
is acid, and chromium, aluminium, and copper, which are basic. Sulphurous 
acid precipitates solutions of metals of the first and second groups, except cop- 
per and cadmium. 

The sulphites of the alkalies precipitate solutions of the other metals except 
chromium salts ; and some normal sulphites may be made in this manner. 
The sulphites of silver, mercury, copper, and ferricum (known only in solution) 
are instable, the sulphurous acid becoming sulphuric at the expense of the 
base, which is reduced to a form having a less number of bonds. With the 
instable stannous sulphite the action is the reverse. (See 818.) All sulphites 
by exposure to the air slowly absorb oxygen, and are partially converted into 
sulphates. 

SULPHATES. 

871. Sulphates are made, a, by dissolving the metals in sulphuric acid, 
819 ; J, by dissolving the oxides or hydrates ; c, by displacement. All salts 
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containing volatile acids are displaced by sulphuric acid and a sulphate formed 
(except the chlorides of silver, mercury, and tin). The excess of acid may 
generally be expelled by evaporation, or the crystals washed with cold water 
or alcohol. 

The insoluble sulphates are best made by precipitation. 

CKLOBIDES. 

872. Chlorides may be made, a, by direct union of the elements, mostly 
without heat. Whether an ous or ic salt is formed depends upon the amount 
of chlorine used. h. By the action of hydrochloric acid upon the correspond- 
ing oxides, hydrates, carbonates, or sulphites, with the exception of antimony 
and bismuth salts, which become basic The solutions formed may be evapo- 
rated to expel excess of acid. If the chlorides thus formed contain water of 
crystallization it cannot be removed by heat alone, for part of the acid is by 
this means driven off, and a basic salt remains. If the anhydrous chloride is 
desired, it may always be made by a, and when thus formed may be 
sublimed without decomposition, c. Chlorides of the first group are best made 
by precipitation. Exception: Mercuric chloride does not precipitate lead 
salts, d* Metals soluble in hydrochloric acid evolve hydrogen and form 
chlorides. In these cases ouSy and not ic, salts are formed. 

CHLORATES. 

873. Chlorates may be made by action of chloric acid upon the oxides, 
hydrates, or carbonates of the metals, or by adding barium chlorate in mole- 
cular proportions to soluble sulphates. By these methods all (862) the normal 
chlorates may be made. The mercurous and ferrous salts are Very instable, 
and those of antimony, tin, bismuth, and manganese are not \vith certainty 
known. 

BROMIDES. 

874. Metallic bromides may be made, a, like chlorides, 872, a, but the 
action is less rapid, and in some cases heat is required ; J, like chlorides, 872, 
h, with the same precautions throughout ; c, first group metals are best made 
by precipitation. Mercuric bromide may be precipitated from mercuric 
nitrate, but not from mercuric chloride. And, d^ like chlorides, 872, rf, but 
fewer bromides can be made by this method, 

IODIDES. 

875. Metallic iodides may be made, a, like chlorides, 872, a. Iodine 
unites less readily with metals than chlorine or bromine, but by the aid of 
heat they may all be formed if the metal is finely divided. 
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ft. Like chlorides, 872, 5. c. Iodides of the first group, and cuprosum, are 
best made by precipitation, d. Like 860, d, except that many of the heavy 
metals are insoluble in hydriodic acid. 

Cupric iodide is not known. Ferric iodide is known only in solution. 

lODATBS. 

876. lodates are made by action of iodic acid on the oxides, hydrates, or 
carbonates of the metals, in this manner are made the normal iodates of lead, 
silver, mercury, bismuth, copper, cadmium, zinc, cobalt, nickel, manganese, 
barium, strontium, and calcium. Other iodates may be thus made, but their 
precise composition is ,not determined. 



APPENDIX. 



SOLUBILITIES OF METALLIC SALTS. 



L THB SALTS OF BAOH BASH. 



Alntwl'njwtw 



SolvMe in water. 

Acetate. 

Bromide. 

Chlorate. 

Chloride. 

lodate. 

Iodide (instable). 

Nitrate. 

Nitrite. 

Silicofluoride. 

Sulphate. 

Sulphite. 

Sulphocyanate. 

Tartrate. 



Inaolvhle in water, 

Antimoniate. 

Arseniate. 

Borate (instable). 

Hydrate. 

Oxalate (sparingly soluble). 

Phosphate. 



Anunonlnxn 



All except tJiose named in the 
other column. 



Phosphomolybdate. 

Platinic Chloride (very sparingly soluble). 
Acid Tartrate (sparingly soluble). 
Nitrophenate (sparingly soluble). 



Antimonious Acetate. 

Fluoride. 
Tartrate. 



fSM 



Arseniate. 

Chromate. 

Oxalate (sparingly soluble). 

Oxide. 

Phosphate. 

Sulphide. 

Sulphite. 

Tannate, 

Bromide, 

Chloride, 

Iodide, 

Sulphate, 



Soluble in dilute acid. 



Solubilities of Metallic Salts. 



21 



Anenious 



Soluble in water. 
Oxide (sparingly). 



Insoluble in water. 

Bromide, ) 

Chloride, >• Decomposed. 

Iodide, ) 

Sulphide. 



Acetate. 

Bromide. 

Chlorate. 

Chloride. 

Citrate. 

Cyanate. 

Ferricyanide (sparingly). 

Ferrocyanide. 

Hydrate paringly). 

Iodide. 

Nitrate. 

Sulpharsenite, 

Sulphides. 

Sulphocyanate. 

Thiosulphate (sparingly). 



Carbonate. 

Chromate. 

Cyanide (sparingly soluble). 

lodate. 

Manganate. 

Molybdate. 

Oxalate. 

Phosphate. 

Silicofluoride. 

Sulphate. 

Sulphite. 

Tartrate. 



Bismuth 



Acetate. 

Bromide, 

Chlorate, 

Chloride, 

Nitrate, 

Sulphate, 



Soluble in 
acidulated, 
decomposed 
by pure 
water. 



Arseuiate. 

Borate. 

Carbonate (basic). 

Chromate. 

Citrate. 

Ferrocyanide. 

Hydrate. 

lodate. 

Iodide (decomposed). 

(Basic) Nitrate. 

Oxalate! 

Phosphate. 

Sulphide. 

Tartrate, 

Tannate. 



Oadmimn 



Acetate. 

Bromide* 

Chloride. 

Iodide. 

Nitrate. 

Sulphate. 



Borate (sparingly soluble). 

Carbonate. 

Chromate. 

Citrate (sparingly soluble) 

Hydrate. 

OxalatCr 

Phosphate. 

Sulphide. 

Tartrate. 



SOLUBILTTIES OF METALLIC 8 ALTS. 
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num 



romium 



Soluble in water. 


Inaolvhle in water. 


Bromide. 


Antimoniate. 


Chlorate. 


Arseniate. 


Chloride. 


Arsenite. 


Chromate. 


Borate (sparingly soluble). 


Cyanide. 


Carbonate. 


Ferricyanide. 


Citrate. 


Ferrocyanide. 


Ferrocyanide (Potassio). 


Hydrate (sparingly). 


lodate (sparingly soluble). 


Hypophosphite. 


Molybdate. 


Iodide. 


Oxalate. 


Nitrate. 


Phosphate. 


Sulpharsenite. 


Sulpliate (sparingly soluble) 


Sulphides. 


Tartrate (sparingly soluble). 


Sulphocyanate. 




Thiosulphate. 




Acetate. 


Carbonate. 


Chloride. 


Ferrocyanide. 


Sulphate (hydrated). 


Hydrate. 




Oxalate. 




Phosphate. 




Sulphate (anhydrous). 




Sulphate (Potassio). 


Acetate. 


Arseniate. 


Bromide. 


Hydrate. 


Chloride. 


Phosphate. 



bait 



>pper 



Acetate. 


Antimoniate. 


Bromide. 


Arseniate. 


Chloride. 


Arsenite. 


Iodide. 


Borate. 


Nitrate. 


Carbonate (basic). 


Sulphate. 


Chromate (basic). 


Sulphocyanate. 


Cyanide. 


Tartrate. 


Ferricyanide. 




Ferrocyanide. 




Hydrate. 




Oxalate. 




Phosphate. 




Sulphide. 


Acetate. 


Antimoniate. 


Chlorate. 


Arseniate. 


Chloride. 


Arsenite. 
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Soluble in water. 


Insoluble in water. 


I^opper Nitrate. 


Borate. . 


Permanganate. 


Carbonate (basic). 


Sulphate. 


Chromate (basic). 


Sulphocyanate. 


Citrate (sparingly soluble). 




Cyanide. 




Ferricyanide. 


• 


Ferrocyanide. 




Hydrate. 




lodate. 




Iodide (decomposed). 




Iodide (cuprous). 




Oxalate. 




Phosphate. 




Sulphide. 




Sulphite (sparingly soluble). 


Grlucinlum Chloride. 


Carbonates (basic). 


Sulphate. 


Ferrocyanide. 




Hydrate. 




Phosphate. 


Gtold: 




Atmc Bromide. 


Cyanide. 


Chloride. 


Iodide (decomposed). 




Sulphide. 


Iron : 




Ferrous Acetate. 


Antimoniate (slightly soluble) 


Bromate. 


Arseniate. 


Bromide. 


Arsenite. 


Chlorate. 


Borate. 


(Chloride. 


Carbonate, 


C'itrate. 


Cyanide! 


Iodide. 


Ferricyanide. 


Nitrate. 


Ferrocyanide. 


Silicofluoride. 


Hydrate. 


Sulphate. 


lodate (sparingly soluble). 


Sulphocyanate. 


Molybdate. 


Thiosulphate. 


Oxalate, 




Phosphate. 




Sulphide. 




Sulphite. 




Tannate. 




Tartrate (slightly soluble). 


Ferric Acetate. 


Antimoniate. 


Bromate. 


Arseniate. 


Bromide. 


Arsenite. 


Chlorate. 


Borate, 


Chloride. 


Chromate (decomposed). 


Citrate. 


Ferrocyanide. 
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Oalolmn 



Oerimn 



Soluble m tmter. 


Insoluble in water. 


Bromide. 


Antimoniate. 


Chlorate. 


Arseniate. 


Chloride. 


Arsenite. 


Chromate. 


Borate (sparingly soluble). 


Cyanide. 


Carbonate. 


Ferricyanide. 


Citrate. 


Ferrocyanide. 


Ferrocyanide (Potassio). 


Hydrate (sparingly). 


lodate (sparingly soluble). 


Hypophosphite. 


Molybdate, 


Iodide. 


Oxalate. 


Nitrate. 


Phosphate. 


Sulpharsenite. 


Sulpliate (sparingly soluble) 


Sulphides. 


Tartrate (sparingly soluble). 


Sulphocyanate. 




Thiosulphate. 




Acetate. 


Carbonate. 


Chloride. 


Ferrocyanide. 


Sulphate (hydrated). 


Hvdrate. 

ft 




Oxalate. 




Phosphate. 




Sulphate (anhydrous). 




Sulphate (Potassio). 



Ohromimn 


Acetate. 


Arseniate, 




Bromide, 


Hydrate. 




Chloride. 


Phosphate. 




Iodide. 






Nitr^-te. 






Oxalate, 






Sulphate. 






Sulphite. 




Cobalt 


Acetate. 


Antimoniate. 




Bromide. 


Arseniate. 




Chloride. 


Arsenite. 




Iodide. 


Borate, 




Nitrate. 


Carbonate (basic). 




Sulphate, 


Chromate (basic). 




Sulphocyanate, 


Cyanide. 




Tartrate. 


Ferricyanide, 
Ferrocyanide. 




« 


Hydrate, 

Oxalate. 

Phosphate. 




• 


Sulphide. 


Ck)pper 


Acetate. 


Antimoniate. 




Chlorate. 


Arseniate. 




Chloride. 


Arsenite. 



Solubilities of Metallic Sal'is. 



Soluble in water. 


Insoluble in water. 


i^opper Nitrate. 


Borate. . 


Permanganate. 


Carbonate (basic). 


Sulphate. 


Chromate (basic). 


Sulphocyanate. 


Citrate (sparingly soluble). 




Cyanide. 




Ferricyanide. 


« 


Ferrocyanide. 




Hydrate. 




lodate. 




Iodide (decomposed). 




Iodide (cuprous). 




Oxalate. 




Phosphate. 




Sulphide, 




Sulphite (sparingly soluble). 


Olucinlum Chloride. 


Carbonates (ba^sic). 


Sulphate. 


Ferrocyanide. 




Hydrate. 




Phosphate. 


Gtold: 




Avric Bromide. 


Cyanide. 


Chloride. 


Iodide (decomposed). 




Sulphide. 


Iron : 




Ferrous Acetate. 


Antimoniate (slightly soluble), 


Bromate. 


Arseniate. 


Bromide. 


Arsenite. 


Chlorate. 


Borate. 


Chloride. 


Carbonate. 


Citrate. 


Cyanide! 


Iodide. 


Ferricyanide. 


Nitrate. 


Ferrocyanide. 


Silicofluoride. 


Hydrate. 


Sulphate. 


lodate (sparingly soluble). 


Sulphocyanate. 


Molybdate. 


Thiosulphate. 


Oxalate, 




Phosphate. 




Sulphide. 




Sulphite. 




Tannate. 




Tartrate (slightly soluble). 


Ferric Acetate. 


Antimoniate. 


Bromate. 


Arseniate. 


Bromide. 


Arsenite, 


Chlorate. 


Borate. 


Chloride. 


Chromate (decomposed). 


Citrate. 


Ferrocyanide. 
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Iron 



Ferric 



Z<ead 



lithium 



Soluble in Water, 

• 

Femcyanide. 

Iodide. 

Nitrate. 

Silicofluoride. 

Sulphate. 

Sulphite (instable). 

Sulphocyanate. 

Tartrate. 

Acetate. 
Acetate (basic). 
Chlorate. 
Nitrate. 
Nitrite. 



Acetate. 

Chlorate. 

Chloride. 

Chromate. 

Citrate. 

Hydrate. 

lodate. 

Iodide. 

Nitrate. 

Oxalate. 

Sulphate. 

Sulphide. 

Tartrate. 



Insoluble in WcUer. 

Hydrate. 

lodate (sparingly soluble). 

Oxalate (slightly soluble). 

Phosphate. 

Sulphide. 

Tannate. 



Antimoniate. 

Arseniate. 

Arsenite. 

Borate. 

Bromate (sparingly soluble). 

Bromide (sparingly soluble). 

Carbonate (basic). 

Chloride (sparingly soluble). 

Chromate. 

Citrate. 

Cyanide. 

Ferrioyanide. 

Ferrocyanide. 

Fluoride (sparingly soluble). 

Hydrate. 

lodate. 

Iodide (sparingly soluble). 

Molybdate. 

Oxalate. 

Phosphate. 

Sulphate. 

Sulphide. 

Sulphite. 

Sulphocyanate (sparingly soluble). 

Tannate. 

Tartrate. 

Thiosulphate (sparingly soluble). 

Carbonate (sparingly soluble). 

Phosphate. 

Silicofluoride (sparingly soluble). 
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BSagnesium 



ManganeEO 



Merouroiu 



BAsrourio 



Solvhle in Water, 


Insoluble in Waier, 


Acetate. 


Aluminiate. 


Bromide. 


Antimoniate. 


Chlorate. 


Arseniate. 


Chloride. 


Borate. 


Chromate. 


Carbonate (basic). 


Cyanide. 


Hydrate. 


Ferricyanide. 


Oxalate (sparingly soluble). 


Ferrocyanide. 


Phosphate. 


lodate. 




Iodide. 




Molybdate. 




Nitrate. 




Nitrite. 




Permanganate. 




Sulphate. 




Sulphide. 




Sulphite (sparingly). 




Tartrate (sparingly). 




Thiosulphate. 




Acetate. 


Antimoniate. 


Chlorate. 


Arseniate. 


Chloride. 


Borate. 


Chromate. 


Carbonate. 


Iodide. 


Cyanide. 


Nitrate. 


Ferricyanide. 


Sulphate. 


Ferrocyanide. 


Sulphocyanate. 


Hydrate. 


Tartrate. 


Oxalate. 


Thiosulphate. 


Phosphate. 




Sulphide. 




Sulphite. 


Acetate (sparingly). 


Borate. 


Chlorate (sparingly). 


Bromide. 


Nitrate. 


Chloride. 


Sulphate (sparingly). 


Chromate. 


■ 


Citrate. 




Ferricyanide. 




Ferrocyanide. 




Iodide. 




Oxalate. 




Oxide. 




Phosphate. 




Sulphide. 




Sulphocyanate. 


Acetate. 


Arseniate. 


Bromide (sparingly). 


Arsenite. 


Chlorate. 


Borate. 



290 



Solubilities of Metallic Salts, 



Soluble in Water, 


Insoluble in WcUer, 


Aleronrio 


Carbonate (basic). 


Chloride. 


Citrate. 


Chromate (sparingly). 


Ferrocyanides (instable). 


Cyanide. 


Iodide. 


Nitrate (in acidulated water). 


Oxalate (sparingly soluble). 


Sulphate " " 


Oxide. 


Sulphocyanate (sparingly). 


Phosphate. 




Sulphide. 


1 


Sulphite. 




Tartrate. 


Nickel Acetate. 


Arseniate. 


Bromide. 


Borate. 


Chloride. 


Carbonate (basic). 


Chromate (acid salt). 


Cyanide. 


Citrate. 


Ferricyanide. 


Iodide. 


Ferrocyanide. 


Nitrate. 


Hydrate. 


Sulphate. 


Oxalate. 




Phosphate. 


• 


Sulphide. 


Palladioos Bromide. 


Cyanide. 


CTiloride. 


Iodide. 


Nitrate. 


Oxide. 




Sulphate (decomposed). 




Sulphide. 


Platinic Bromide. 


Iodide (soluble as acid salt). 


Cyanides (double). 


Oxide. 


Nitrate. 


Sulphide. 


Sulphate. 





Potassiuu 



All except those named in the 
other colwnm. 



Nitrophenate (sparingly sol.) 
Perchlorate (sparingly sol.) 
Platinic chloride (sparingly sol.) 
Phosphomolybdate (sparingly sol.) 
Silicofluoride (sparingly sol.) 
Tartrate (acid), (sparingly sol.) 



Silver 



Acetate (sparingly). 

Chlorate. 

Fluoride. 

Hypophosphite. 

Lactate. 

Nitrate. 

Nitrite. 

Permanganate (sparingly). 

Sulphate (sparingly). 



All except those in the other column. 
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Soluble in Water, 


Insolrible in Water. 


Sodium 




Antimoniate. 




AU eoocept those in the other 


Silicofluoride (sparingly). 




column. 






Acetate. 


Borate. 




Arsenite (sparingly). 


Carbonate. 




Bromide. 


Chromate (sparingly soluble). 




Chlorate. 


Citrate. 




Chloride. 


Hydrate (slightly soluble). 




» Cyanide. 


Molybdate. 




Ferricyanide. 


Oxalate (sparingly soluble). 




Ferrocyanide. 


Phosphate. 




Hypophosphite. 


Sulphate (slightly soluble). 




lodate (sparingly). 


Tannate. 




Iodide. 


Tartrate. 




Nitrate. 






Nitrite. 






Sulphocyanate. 


• 




Thiosiilphate. 




in : 






Stamums 


Acetate. 


Arseniate. 




Bromide. 


Borate. 




Iodide. 


Ferrocyanide. 




Sulphate. 


Hydrate. 




Tartrate (sparingly). 


lodate. 




Chlonde, ) . . , , , , , 
Nitrate, [ ^^ acidulated water. 


Oxalate 




Phosphate. 


" 




Sulphide. 


Stamiie 


Acetate. 


Chromate. 




Bromide. 


Ferrocyanide. 




Chloride. 


Hydrate. 




Nitrate (instable). 


Iodide (instable). 




Oxalate. 


Oxide. 




Sulphate. 


Phosphate. 
Sulphide. 


JranouB 


Acetate. 


Carbonate. 




Bromide. 


Ferrocyanide. 




Chloride. 


Hydrate. 




Iodide. 


Oxalate. 




Nitrate. 


Phosphate. 




Sulphate. 


Sulphide. 
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Soluble in Water, Insoluble in Water, 

Uranio Acetate. Carbonates (potassio, etc.) 

Bromide. Ferrocyanide. 

Chloride. Hydrate. 

Nitrate. Oxalate. 

Sulphate. Phosphate. 

Zinc Acetate. Antimoniate. 

Bromide. Arseniate. 

Chlorate. Borate. 

Chloride. Carbonate (basic). 

Chromate. Cyanide. 

Iodide. Ferricyanide. 

Nitrate. Ferrocyanide. 

Permanganate. Hydrate. 

Sulphate. lodato (sparingly soluble). 

Sulphite (sparingly). Oxalate. 

Thiosulphate. Phosphate. 

Sulphide. 
Tartrate. 

n. SOLUBILITmS OF THB SALTS OF EACH ACID. 

Concerning salts insoluble in water, it is stated by what acids they are transposed, 
and from this it will be seen by what acids they may be dissolved, i.e., changed to com- 
pounds soluble in water. Concerning the transposition of salts soluble in water, see 19. 
As to the solution of salts insoluble in water (and acids) by decomposition with alkalies, 
see 677. For more specific statements as to decomposing and dissolving agents, refer to 
the descriptions of the acids in question in the text. 

Acetates. All soluble in water ; Silver and Mercurous are sparingly soluble. 

Arseniates. Closely resemble the (ortho)phosphates, both in solubilities and in transpo- 
sition with acids. 

Arsenites. Those of the Alkali bases are soluble. Those of Barium and Strontium, 
sparingly soluble ; the others are insoluble in water, but transposed by dilute acids. 

Borates. Only those of the Alkali bases are freely soluble in water; many of the others 
being slightly soluble. They are transposed by all acids, except carbonic. Some of 
the metals form non-normal borates. 

Bromates. All soluble in water ; Silver, Lead, and Mercurous, sparingly soluble. 

Bromides. Silver, Lead, and Mercurous, insoluble ; Mercuric, sparingly soluble ; Bis- 
muth, instable ; all others soluble in tvater. The bromides insoluble in water are 
scarcely trcmsposed with sulphuric acid, or with dilute nitric acid (533). 

Carbonates. Those of the Alkali bases only are soluble in water. The acid carbonates 
less abundantly than the normal. Most of the others are made slightly soluble by 
free carbonic acid. Carbonates are transposed by all acids, except hydrosulphiiric 
and hydrocyanic. The pseudo-triads do not form carbonates ; some other heavy 
metals form basic carbonates in the wet way. 
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Chlorates. All soluble in water. Potassium chlorate but moderately soluble. 

Chlorides. Silver and Mercurous, insoluble ; Lead, slightly soluble ; all others sol/Me 
in water; antimonious, stannous and bismuth, soluble in acidulated water. 

Chromates. Those of the bases of the Alkalies, and Magnesium, Calcium, and Zinc, 
are soluble in water; Strontium and Mercuric, sparingly soluble; nearly all others 
insoluble. Iron, Manganese, and Copper form chromates not normal — some of 
which are soluble in water, but chiefly instable in solution. 

Citrates. Those of the Alkali bases are freely soluble in water ; of Iron, Copper, and 
Zinc, moderately soluble ; the other (single) citrates, mostly insoluble ; the double 
citrates mostly soluble. The insoluble citrates are tra/nsposed by dilute mineral 
a>cids. 

Cyanides. Mostly insoluble in water ; except those of the Alkali and Alkaline earth 
metals, and double cyanides containing these. Barium cyanide is sparingly soluble. 
Cyanides are tramsposed by nearly all acids, even when dilute. 

Ferricyanides. Those of tJie Alkali and Alkaline earth bases are soluble in water ; that 
of Barium, sparingly. A considerable number of the others are insoluble in water, 
and certain of the bases do not form ferricyanides. See 632. They differ as to 
tra/nsposition with acids, but those insoluble are transposed by alkalies. 

Ferrocyanides. Those of the Alkali bases and of Magnesium, Calcium (not the potassio 
calcium), and Strontium are soluble in water. See 629. Those insoluble differ as 
to transposition by acids, but are transposed by alkalies. 

Fluorides. Those of the Alkali bases are freely soluble in water ; those of the Alkaline 
earth metals insoluble ; of Copper, Bismuth, Cadmium, Ferricum, and Zinc, 
sparingly soluble ; Silver, Tin, and Mercuric, soluble The insoluble fluorides are 
transposed by strong sulphuric acid, and less easily by hydrochloric and nitric 
acids. 

Hypochlorites. All soluble in water. (Decomposed by all acids.) 

Hjrpophosphites. All soluble in water. (Decomposed by nearly all acids.) 

lodates. Only those of the Alkali bases a/re freely soluble; the others insoluble, or 
sparingly soluble. Calcium, sparingly soluble ; Barium, Silver, and Lead, insolu- 
ble. Transposed by moderately dilute mineral acids— those of Silver and Lead by 
nitric acid not dilute. 

Iodides. Silver, Lead, Mercurous, Mercuric (and Palladious), insoluble in water. Bis- 
muth, and to some extent Copper iodides, are decomposed by water without solu- 
tion. (295.) The others are soluble. The insoluble Iodides are tra/nsposed with 
difficulty, or not at all, by sulphuric acid or nitric acid. (556.) 

Nitrates. All soluble in water. 

Nitrites. All soluble in water ; Silver, sparingly. 

Nitrophenates. All soluble in water; Potassium, Ammonium, and Lithium, very 
sparingly ; most others, more freely. 

Oxalates of the Alkali bases are soluble ; Chromium and Stannic oxalates, soluble ; 
Magnesium and Ferric oxalates, sparingly soluble ; the others chiefly insoluble or 
slightly soluble. Tra/nsposed by sulphuric, hydrochloric, and nitric acids, not by 
acetic. 
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Pennaiiganates, All soluble in water ; Silver, sparingly. A number of the bases de- 
compose the acid radical. 

Phosphates (ortho-). Of the di- and tri-metallic salts, mdy those of the ordinary Alkali 
boMS are soluble in water, (Lithium, insoluble.) Those two-thirds hydric (**acid 
phosphates ") are all soluble in water, to some extent. Acetic acid transposes most 
of the insoluble phosphates, except those of Iron, Aluminium, and Lead ; and 
dilute hydrochloric, nitric, and sulphuric acids transpose all phosphates (partly or 
wholly, 707). 

P3rrophosphates are insoluble in water, except those of the common Alkali bases. They 
are scarcely at all transposed by acetic acid, but yield their bases to the stronger 
acid radicals. 

Metaphosphates of the common Alkali bases, only, are soluble in water. They are not 
transposed with acetic acid, and some of them not readily by other acids when 
dilute. 

Silicates. Tliose of the Fixed Alkali baseSy only^ are soluble in water. These, in solu- 
tion, are transposed by all acids. Of the siJicates insoluble in water, many are 
tra/nsposed with hydrochloric or sulphuric acid, but the larger number of the' 
natural silicates resist acids. All are decomposed by hydrofluoric acid, and by the 
fixed alkalies. 

Sulphates. Those of Barium, Lead, Strontium, Calcium, are insoluble in water, the 
last-named being slightly soluble. (77.) Argentic and Mercurous sulphates are 
sparingly soluble. Mercuric, Antimonious, and Bisnmth sulphates require acidu- 
lated water for solution. All others are soluble in water. Sulphates are not trans- 
posed with acids, at ordinary temperatures. 

Sulphites. TJiose of the Alkali bases are soluble — all others insoluble^ or very sparingly 
soluble in water. Those of the Alkaline earth metals are somewhat soluble in 
solution of sulphurous acid. All sulphites are transposed by acetic and the mineral 
acids. 

Sulphides. Of the bases of the Alkalies and Alkaline earths, soluble ; the others insolu- 
ble in water. The earth metals do not form sulphides. Sulphides of the third 
group metals are transposed with dilute acids: those of the second group metals 
(except Mercury), transposed or decomposed by hydrochloric, nitric and sulphuric 
acids. 

Sulphocyauates. Those of Alkali and Alkaline earth bases, and of Iron, Manganese, 
Zinc, Cobalt, and Copper, are soluble in water. Mercuric, sparingly soluble. The 
others are transposed by dUute acids. 

Tculrates. Those of the Alkali bases are soluble in water, the acid tartrates of Potas- 
sium, Ammonium, Rubidium, and Caesium, but sparingly soluble. Manganous, 
Ferric, Cobalt, Stannous, and Antimonious tartrates are soluble ; Calcium tartrate, 
slightly soluble. The other tartrates, not soluble in water, are mostly somewhat 
soluble in solution of tartaric acid, and mostly soluble in solutions of Alkalies (as 
double tartrates) ; also transposed by the mineral acids. 

Thiosnlphates. All soluble in water; those of Barium, Lead, and Silver, sparingly 
soluble in water, but made soluble as double salts. Decomposed by all acids, 697. 
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REAGENTS.* 

[Aq. = HaO as crystallization water.] 

Acid, Acetic, HCOaHsOa). Sp. grav. 1.04. 30 p.c. acid. 

Hydrochloric, HCl. Sp. gray. 1.12. 24 p.c. acid. 

HydroBulphuric, HaS. Water saturated with the acid (663). 

HydrofluosiUcic, (HF)aSiF4. (746.) 

^ Nitric, HNO3. Sp. grav. 1.2 (32 p.c. acid). 

Nitro-hydrochloric, NOCla -|- ^^- About one part of concentrated Nitric to 8 
parts of Hydrochloric acid. 

Nitrophemc, H08Ha(NOa)30. (600.) 

Oxalic, H3C3O4. 2 aq. Crystals dissolved in 10 parts of water. 

Sulphuric, HaS04. Concentrated, sp. grav. 1.843. 

Tartaric, Ha(C4H40e). Crystals dissolved in 3 parts of water. 

Chlorine Water, Ol. Water saturated with chlorine (501). 

Alcohol, C3H0O. Sp. grav. .815. About 95 p.c. 

Ammonium Chloride, NH4CL One part crystallized salt in 8 parts of water. 

Ammonium Carbonate, (NH4)aC03. One part of crystallized salt in 4 parts water, with 
one part of solution of Ammonia. As a solvent for arsenious sulphide, the reagent is 
prepared without the addition of solution of ammonia,, (NH4)4Ha(C08)8. 

Ammonium Hydrate, NH4OH. Sp. grav. .96. 10 p.c. NHs. 

Ammonium Molybdate, (NH4)alV[o04- Solution in Nitric acid. 

Ammonium Sulphide, (NH4)aS, colorless; (NH4)aSa or NH4HS, yellow; solution of 
ammonia, treated with hydrosulphuric acid. 

Ammonium Oxalate, (NH4)aC304. One part of the crystallized salt (aq.) in 24 parts of 

water. 

Barium Chloride, BaCla. One part of the crystallized salt (2 aq.) to 10 parts of water. 

Barium Carbonate, BaCOs. (87). 

Barium Hydrate, Ba(OH)a. A saturated water solution (77). 

Barium Nitrate, Ba(N03)a. One part to 15 of water. 

* In the greater number of cases, reagents should be ''chemically pure." Different uses require dif- 
ferent degrees of purity. An article of sodium hydrate contaminated with chloride, may be used in some 
operations ; not in others. Those who have had training in analyyis can do without specific directions, 
which cannot be made to cover all circumstances ; and the beginner must depend on others for the selection 
of reagents. 
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Lf 0«loinin Chloride, OaOIj. One part salt (6 aq.) dissolved in 8 parts of water. 

Oaloinm Hydiate, Ca(OH)], A saturated water solution (103), also the Arj goUd. 
u' Oaldnm Sulphate, OaSOt. A saturated water solution (77). 
L OarbOQ DiBulphide, OS,. (589.) 

One part crystallized salt (S aq.) dissolved in 8 parts of 

/ Copper Sulphate, CuSO.. One part of the crystallized salt (6 aq.) iu 8 parts of water. 

Ether, (CiiHj)iO, 8p. grav. Not over .728— containing not over 5 p.c. alcohol. 
' FexTOiu Sulphate, FeSO,. One part crystallized (7 aq.)in 10 parts of water (169). 
tM Fenio Chloride, Fe,01i. One part of the solid salt (B aq.) to IB parts of water. 

Qold Chloride, AuCli. Prepared by dissolving pure gold — which may be obtained by 
precipitation with Oxalic acid — in nitro-hydtochloric acid, evaporating to dryness on 
the water-bath, and dissolving in water. 

^ IiOad Acetate, PlKCiH.Oj),. One part of the erystaUiaed salt (3 aq.) dissolved in 10 

Magnesium Btdphate, MgSOi. One part of the crystallized salt (7 aq.) to 10 parta of 

Uerourtc Chloride, HgCli. 

ISerouroug Nitrate, Hg5(N03)ii. One part of the crystallized salt (2 aq.) d 
parts of water, acidulated with one part nitric acid, or prepared I 
curj (343). 
Palladlous Chloride, PdCI,. One part of the salt to 20 of water. 
Potaulnm Chromate, K,CrOt. One part dissolved in 10 parts of water. 
t / Potauitun dchromate, EiCriOi. One part dissolved in 10 part^ of water. 

PotaMium Chlorate. EClOi. The crystallized salt, 
J. 1 Potauiutn Cyanide, KCy. One part dissolved in 4 parts of water. 
£* PotaMium Ferrocyaoide, E,FeCyt. One part of the crystallized salt (3 aq.) dissolved 

in 12 parts of water. »»»--«",^^ 

( ^ Potassium Fenicyanlde, EiFeCy.. One part dissolved in 13 ^rts of water. 

Potasglom Iodide, HL One part dissolved in £0 paits of water, 
^ . Potauium Mercuric Iodide. Nessler's Solution. Disjolre S.B ^iitis of KI in 10 c.c. of 
water; dissolve 1.6 grams ot HgCIi in 80 c.e. ofwatfwmild ilm mercury solution 
gradually, and with constant stirring, to the potap?inrti iodide snlntion, until the pre- 
cipitate ceases to be redissolved; then add 60 o.c. Potassium hydrate solution and 
filter. Keep in small bottle, well stoppered. 
^oUsiium Nitrate, ENO>. The crystallized salt. 
^Qtaidum Metantimoniate, ESbO,. (419.) 
''^QUMium Sulphooyanate, SOyS. One part dissolved in 13 pads of water. 
^Otaiaimn Hjrdxogen Sulphate, EH80,. (675). 



t ' PotasuQni Sulphate. EiSOi. Ono part dissolved in 13 purls of water. 
.' I-.' Platlnio Ohlorlde, PtOli. Ooe part to 10 parts of water. Also prepared by dissolTing 
the scritp-metiil in nitro-hydroohlorie acid, and iiuritying by precipitation with am- 
moiiic^ uiiloride, dissolving again in the same aaiA, and evaporating to dryness. 
^ ' Sodium Acetate, Na(O-,Hi0i). Une port crystallized salt (8 oq.} to 5 of water. 
< Sodium Carbonate, NagOOi, The dry sait. Also a eolation of the crystals (10 aq.) in 
5 parts u£ waLtr. 
Sodinm Diborate, Na^OlBsOi),. The crystallizeil salt (10 aq.), or dried. 
Sodium Hydrate, NaOH. Solution in 9 parts of water. 
, 'i Sodium Tbiosulphate, Na,SiOi 5H]0. {Hyposulphite.) One part of the salt in 40 parts 
of wati'r. 
Sodium Hypochlorite, NaOlO. Agitate one part of good bleaobiug-powder with ten 
)iarts of ivutar; udd solution of soilium carbonate as long as a precipitate is formed; 
allow the solid matter to suliside and siphon ofl. 
7 .'. Sodium Phosphate, HbjHPO,. (Disodium hydrogen phosphate.) Ono part of the crys- 
liiUizeil sitlC (13 aq.) in 10 parts of water. 
Sodium Fhoaphomolybdate. (494.) 
Sodium Sulphide, NaiS. One part of the solution of soda saturated with Hydroaul- 

piiLirii! noid, to one part unchanged soda solution. 
Sodium Sulphite, Na^SOi. One part of the salt to 6 parts of wat^T. 
'_, Silver Hitrate, AgNOg. One part crystallized salt in 30 X)arts of water. 

BtaunouB Chloride, SnCIi. One part of the crystallized salt (3 aq,) in 6 parts of i 

aciiiuliitcd iviih hydrochloric acid (420). 
Strontium Sulphate, SrSOi. A saturated water solution (77). 
ZIoo, Zu. The granulated metal, 
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tion of Bodies ; Pendulums ; Specific Gravity of Bodies ; Strength, 
Weight and Crush of Materials ; Water Wheels ; Hydrostatics ; Hy- 
draulics ; Statics ; Centers of Percussion and Gyration ; Friction Heat ; 
Tables of the Weight of Metals ; Scantling, etc. ; Steam and the Steam 
Engine. By J. M. Scbibneb, A. M. Eighteenth edition, revised. 



Scribner's Table-Book. 

16mo. 264 pages. Fall Morocco. $1.50. 

Engineebs', Contractors* and Surveyors* Pocket Table-Book j Com- 
prising Logarithms of Numbers, Logarithmic Signs and Tangents, Natu- 
ral Signs and Natural Tangents, the Traverse Table, and a full and 
complete set of Excavation and Embankment Tables, together with 
numerous other valuable tables for Engineers, etc. By T. M. Scrib- 
, A. M. Tenth edition, revised. 



Modem Meteorolc5gy. 

12mo. Cloth. Colored Plates. $1 50. 

A Series of Six Lectures, delivered under the auspices of the Me- 
teorological Society in 1878. 



Plympton's Planisphere. 

Printed in Colors on fine Card Board, and in accordance with Proctor's Star 

Atlas. $1.00. 

The Star Finder or Planisphere, with Movable Horizon. Ar- 
ranged by Prof. G. W. Plympton, A. M. 
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Sclminaiiii's Heating and Ventilation. 

12mo. Morocco. $1.50. 

m 

A Manual op Heating and Ventilation in its Pbactical Applica- 
tion for the use of Engineers and Architects, embracing a series of 
Tables and Formul83 for dimensions of Heating, flow and return Pipes 
for steam and hot water boilers, flues, etc., etc. By F. Schumann, 
C. E., U. S. Treasury Dept. Illustrated. 



Clark's Complete Book of Reference for Me- 

ch.anical Engineers. 

Large 8vo. lGl2pages. Cloth. $7.50. Half Morocco. $10.00. 

A Manual of Rules, Tables and Data for Mechanical Enoineebs. 
Based on the most recent investigations. By Daniel Ktnneab Clabe. 
Illustrated with numerous Diagrams. 



Weyrancli's Iron and Steel Constrnctions- 

12mo. aotb. $1.00. 

Stbength and Calculation of Dimensions of Iron and Steel Con- 
structions, with reference to the latest experiments. By J. J. Wey- 
BAUCH, Ph. D., Professor Polytechnic School of Stuttgart, with four 
folding plates. 



Jannettaz on Rocks. 

12mo. Cloth. 168 pages. $2.00. 

A Guide to the Determination of Rocks, being an Introduction to 
Lithology. By Edward Jannettaz. Translated from the French by 
Geo. W. Plympton, C. E., A. M. Illustrated. 



Shield's Notes on Engineering Construction. 

12mo. Goth. $1.60. 

Embracing Discussions of the Principles involved and Descriptions of 
the Material employed in Tunneling, Bridging, Canal and Road Build- 
ing, etc., etc. By J. E. Shields, C. E. 
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Eddy's Graphical Statics. 

Std. Cloth. 123pa[-s9. Sl.fiO. 
H GBiPHiciL Staticb, embracing New CoiiBtnictlons in 
Graphical Statics, a new Geaeral Kclhod in Graphical Statics, and tha 
Theory of Internal Stresa in Graphical Statics. By Prof. Hkkbt T. 
Eddt, of tlie University of Cincinnati. 



Half Hours ■with Modern. Sciontiats, 

StoIb. Uma. aotb. lUuBtrated. t^.SO. 

LEOTtFKES AND Essays, By Profeasora Hdxlbt, Barker, STiRLraOi 
Copx, Ttudall, Wallace, Roacos, IluoGraa, Lockter, Touiho, 
Matkb, and Rebd. Being the University Series hound up. With a 
general introduction by Noah Porter, President of Yale College. 



Shimk's Engineers Pocket Book- 

12nio. Morocco, 

The Field Engineer. A handy book of Practice in the Survey, Loca- 
tion, and Truckwork of Railroada, containing a large collection of Rules 
and Tables, original and selected, applicable to both Ihe Standard and 
Narrow Gauge, and prepared with special reference to the wants of the 
Young Engineer. By Wm. Findlat Shunk, C. E. , Chief Engineer of 
the Construction of the Metropolitan Elevated Railroad. (In Press.) 



Adams' Sewers and Drains, 

12ino, Qoth. 

BBWKB9 AND Drains por PopoLoira Districts. Embracing Rules and 
Formulas for the dimensions and construction of works of Sanitary 
Engineers. By Julius Adams, C. E, (In press.) 



McElroy's Papers on Hydraulic Engineering: 

8yo, Paper. 60 cents. 

Thb Hbmpbtbad Storage Reservoir op Brooklyn, its Engineering 
Theory and Results. By Sawuei, McElrov, C. E. 

Spinoza's Ethics. 

8vo, Qolh. $B.OO. 

The Ermca op Benedict db Spinoza. Demonstrated after the method 
of Geometers, and Divided into Five Parts. From the Latin ; with an 
introduolory Sketch of hia Life and Writings. 
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VAN NOSTRAND'S SCIENCE SERIES. 

It is the iateution of the Publisher of this Series to issue them at 
interrals of about a moath. They will be put up in a uniform, neat, 
and attractive form. 18mo, fancy boards. The aubjeeta will be of an 
eminently scientific character, acid embrace oa wide a range of topics as 
poaflible, all of the highest character. 

Price, 50 Cents Each. 

I. Chimkeys for Fdrnaces, FinE-PLACE8, AND Steam Boilebh. By 
E. Armstbong, C.E. 

n. Steam Boiler ExPLqsioNS. By Zerah Colburn. 

ni. Practical DEsiGNiiJO OF RETAmiNoWAiXB. By Abthur Jacob, 
A.B. With lUuHtrations. 

IV. Pboportions of Pins Used m Bridges. By Charlks E. 
Bekdeb, C.E. With Illustrations. 

V. VENTitATios or BciLDENGB. By W. F. BcTLBR. With lUustrations. 

¥1. On the Designing and Construction of STOSAflit Eeservoibs. 
By Arthur Jacob. With II lustrations. 

VII. SuncnAKQED and Different Forms of Betainino Walls. 
By James S. Tate, C.E, 

Vm. A Treatise on the Compound Engine. By John Tursbdll. 
With Illusti'ations. 

IX. Fdel. ByC. WitlxiAM Siemens, to which is appended the value of 
Artificial FuRts as Com park d with Coal. By John Worm" 
ALD, C.E. 

X. Compound Engixes. Translated from the French of A. Mallet. 
lUuatrated. 

XI. Theory of Akches. ByProf.W. Allan, ot the Washington and 
Lee College. Illustrated. 

Xn A Practical Theory of Vocssoir Arches. By William Cain, 
C.B. Illustrated 
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Xin. A PllACTlCAL TilRATiaE ON THE GaSEB MbT WiTH IN COAL 

MiKKS. By tlie late J. J. Atkikson, Goverumeiit Inspector ot 
Mines for tiie County of Durham, England, 

XIV. Frictiom op Air in Mines. By J. J. Atkinson, author of " A 
Practical Treatise ou the Gasea met with in Coat Mines." 

XV. Skew Arches. Bj Prof. E. W. Hyde, C.E. Ulustrated with 
numerous engravings aod three folded plates. 

XVI. A Gbaphio Method fob SotviNo Certain Algebraic Equa- 
tions. By Proi Geobob L. Vo3b. With Illustrations. 

XVn. Water and Water Supply. By Prof. W. H. Cokfield, 
M.A., of the University CoUega, London. 

XVm. Sewerage and Sewage Utilization. By Prof, W. H, 
CogPiELD, M.A., of the University College, liondoii, 

XIX. Strenqth op Beams Under Transverse Loads. By Prof. 
W. Allan, author of "Theory of Arches." With ICuatrationa 

By John B. McMabters, 



XXI. Sapett Valves. By Richard H. Buel, C.E, With DluHtra- 

XXn. High Masonry Dams. By John B. McMastebb, C.E. 
With Illustrations. 

XXin. The Fatigue of Metals under Repeated Strains, with 
Tarioua Tables of Results of Eiperiments. From the German of 
Prof. LuDwiG Spangenbbhg. With a Preface by S. H. Shreve, 
A.M. With Illustrations. 

XXIV. A Practical Treatise on the Teeth of Wheels, with 
the theory of the use of Robinson's Odontograph. By S. W. Robin- 
son, Prof, of Mechanical Engineering, Dlinois Industrial UniTersity. 

XXV. Tgkoby akd Calculations op Continuous Bridges. By 
Mansfield Merriman, C.E. With Illustrations. 

XXVI. Practicai. Treatise on this Pkopebties op GoKTiKTOua 
Bbidgeb. By Chableb Bbnceb, C.E. 



XXVII. On Boiler Incrustation and Corrosion. By J. F. Rowan. 

XXVIII. On Transmission of Powbr by Wire Rope. By Albert W. 
Stahl. 

XXIX. Injectors: Their Theory and Use. Traoslated from the 
French of M. Leon Pouchet. 

XXX. Terrestrial Magnetism and the Maonetism op Iron Ships. 
By Professor Fairman Rogers. 

XXXI. The Sanitary Condition op Dwelling Houses in Town and 
CoxmTRY. By George E. Waring, Jr. 

XXXII. Cable-making for Suspension Bridges as Exemplified in 
the East Riyer Bridge. By Wilhelm Hildenbrand, C.E. With 
IlluBtrations. 

XXXI II. Mechanics' of Ventilation. By George W. Rafter, Civil 

Engineer. 

• 

XXXIV. Foundations. By Prof. Jules Guudard, C.E. Translated from 
the French, by L. F. Vernon Harcourt, M.I.C.E. 

XXXV. The Aneroid, and How to Use it. Compiled by Prof. George 
W. PlymptoD. Illustrated. 

XXXVI. Matter and Motion. By J. Clerk Maxwell, M.A. 

XXXVII. Geographical Surveying. Its Uses, Methods, and Results. 
By Frank De Yeaux Carpenter, C.E. 

XXXVm. Maximum Stresses in Framed Bridges. By Prof. Wm. 
Cain, A.M., C.E. Illustrated. 

XXXIX. A Hand Book of the Electro-Magnetic Telegraph. By 
A. E. Loring. Illustrated. 

XL. Transmission of Power by Compressed Air. By Robert 
Zahner, M.E. Illustrated. 

XLII. On the Strength of Materials. By Wm. Kent, C.E. 

XLIIL Theory of Fluid Motion. By Dr. Thomas Craig, of Johns 
Hopkins Uniyerfiity. 

XLIV. Turbine Wheels. By Prof. W. P. Trowbridge, Columbia Col- 
lege. Illustrated. 

XLV. Thermodynamics. By Prof. H. T. Eddy, University of Cincinnati. 
%♦ Sent free by mail on receipt of price. 
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